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SUMMARY

There are substantial risks associated with many sports
activities. This conclusion is supported by the U.S. Consumer
Product Safety Commission's Consumer Product Hazard Index
which ranks 367 product categories. Many sports rank high
on this index, for example, football activity and related
equipment is ranked #4, baseball #5, basketball #12, snow
skiing #17, hockey #34, and gymnastics #47.

The purpose of this study is to provide the Commission
with recommendations for assigning priorities to tasks
associated with reducing the incidence and severity of sports
related injuries.

This study was limited to sports activities related to
football, baseball, basketball, snow skiing, ice hockey,
gymnastics, and trampolines. Tasks of identifying hazards
associated with these activities and formulating subsequent
recommendations were accomplished primarily as a result of
reviewing the published literature. Data provided by the
National Electronic Injury Surveillance System (NEISS) are
also utilized.

The availability of literature regarding hazards in
many sports is not consistent with their ranking on the
Commission's Hazard Index. Further, the utility of many
reports is limited because of the fragmented approach and
compartmentalized views of athletic injury research. This
precludes a comprehensive statistical assessment of risks
associated with sports activities.

An analysis of the literature and NEISS data resulted
in the following recommendations:

• Expand data collection activities based upon a
systems concept.

• Encourage development of standardized terminology
applicable to sports research.

• Determine the feasibility of an institute to initiate
and coordinate sport injury research and to disseminate
results to the athletic community.

• Improve the surveillance capabilities of NEISS.

• Stimulate research to resolve the controversy and
problems associated with helmet test procedures.
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• Determine the potential and alternatives for
promulgating hockey face guard standards.

• Stimulate research to reinforce theories pertaining
to knee injury prevention and provide for disseminating
results to the athletic community.

• Allocate resources to areas of ski-boot-binding testing,
adjusting, maintenance, and establish equipment
performance criteria.

• Determine the feasibility of establishing a ski-boot-
binding safety performance standard.

Formulation of these recommendations incorporated an
assessment of the frequency and severity of specific injuries
and the literatures capacity to identify essential factors
for determining appropriate remedial action.
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RISKS ASSOCIATED WITH CERTAIN SPORTS ACTIVITIES

William B. Beine

This study provides the Consumer Product
Safety Commission with recommendations for assigning
priorities to tasks associated with reducing the
incidence and severity of sports related injuries.
Recommendations were derived from an analysis of
published literature and NEISS data. They emphasize
the need for collecting additional data, improving
surveillance capabilities, stimulating research, and
developing and promulgating equipment safety standards.

Key words: Accident; associated factors; injuries;
literature; NEISS, recommendations; review; sports;
safety

.

1. INTRODUCTION

The evolution of sport has primarily been the result
of advances in technology. Technology has opened the way
for new activities such as snowmobiling and has changed the
complexion of more firmly rooted sports. Often, these changes
place new demands on the athlete. The rigid hard-shelled
helmet was introduced to increase head protection. However,
it gave the football athlete a sense of added security and
permitted the involvement of head and helmet in blocking and
tackling. This practice increases the risk of serious injury.

Communications have popularized sport. As a result,
greater numbers of youths are participating in sports activitie
Many of these persons may be unaware of the risk they are
taking as a result of inadequate or poorly fitted and
maintained equipment and playing surfaces, or inadequate
training and supervision.

The athlete is the core of the person-equipment-sport
mix and it is the athlete's physical welfare that is of
concern. That risks in sports are not at a minimum is apparent
by the high ranking of many sports activities on the U.S.
Consumer Product Safety Commission's (CPSC) most recent
Consumer Product Hazard Index (314). For example, the



Hazard Index 1 ranks the product categories of football activity
and related equipment #4, and similar classifications of
baseball 2 #5, basketball #12, snow skiing #17, hockey #34,
and gymnastics #47.

Viewed in its entirety, the subject of risk in sports
is complex, involving equipment, facilities, supervision,
physical maturity, ability, attitude, conditioning, and the
environment as contributing factors. Within the context of
sports as systems and given the nature of associated accidents
and injuries, it is necessary for the Consumer Product Safety
Commission (CPSC) to identify those issues and conditions in
the person-equipment-sport mix which can be effectively
regulated through voluntary or mandatory standards.

This report is the third and final report to the Consumer
Product Safety Commission (CPSC) . It provides recommendations
for assigning priorities to tasks associated with reducing
the incidence and severity of sports related injuries, and
recommendations to improve data acquisition and analysis.
These recommendations are primarily the result of an analysis
of previous athletic injury studies appearing in the published
literature. Data obtained through the Commission's National
Electronic Injury Surveillance System (NEISS) were also
utilized

.

The usual resource limitation precluded a comprehensive
review of all sports activities. Furthermore, it would have
been pointless to include activities which were not included
in the literature. This criterion resulted in the selection
of several product categories: football, baseball, basketball,
snow skiing, ice hockey, gymnastics, and trampolines. Specific
safety issues related to these activities were not delineated
at the outset of the study. Rather, the issues presented in
this report, as well as the depth which these were researched,
developed as a consequence of the available literature.

1 The "Hazard Index" lists 367 product categories. These
product categories were derived by consolidating the National
Electronic Injury Surveillance System (NEISS) listing of
approximately 1000 categories. Categories are ranked by
multiplying the estimate number of injuries treated in
emergency rooms by weights for severity and age, then dividing
by one million and truncating.

2 For convenience, the name of the sport associated with each
product classification is used throughout the report to
identify the actual classification; e.g., football will be
used in lieu of football activity and related equipment.
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Two earlier memorandum reports were submitted to the
Commission. The first report (May 1976) provided a "first
cut" assessment of risks associated with these sports and
subsequent recommendations. The second report (September
1976) provided an analysis of three years (July 1972 through
June 1975) of NEISS data. This report draws from these
earlier reports and includes a more thorough analysis of
specific issues.

This report is divided into several sections. The next
section includes a number of pertinent comments about the
data sources. Analyses are provided in the following section.
This is followed by a discussion of rules and standards
activities, and finally, the conclusions and recommendations.
A list of nearly 400 references and tables of injuries
projected by NEISS are included at the end of this report.

2. COMMENTS ON THE DATA SOURCES

2 . 1 Published Literature

In 1967, Haddon (269) authored a paper discussing
principles in sports research. He comments, "good basic
data on incidence and prevalence (i.e., the numbers of cases
existing at a given time per unit population) have not yet
been obtained for the effects of most organized and unorganized
sports, whether beneficial or injurious." Shortly thereafter,
Clarke (258) commented that, "research activity in sports may
be prevalent, but there is little evidence to support or deny
respective opinions on most legitimate arguments." More
recently, Blyth and Mueller (9) in a unique attempt to apply
methods of epidemiology to problems of football injuries
observed that, "There is relatively little data available on
the extent of problems of football injuries, or other sports
injuries, particularly at the high school level and below--
even though football accounts for most of the sports injury
research." As recently as 1974, Hayes (274) pointed out,
"Because of the approach to recording the incidence, nature,
and severity of sports injuries, it is very difficult to
assess statistically the risk factors of individual activities.
Without this knowledge, one cannot isolate the many variables,
both overt and covert, which contribute to injurious situations."

Sports injury research has yet to assess the extent,
severity, and nature of athletic injuries. Consequently,
basic input to decision processes affecting safety in athletics
has been and will be based upon perceived need rather than
valid statistical measures. Past studies have addressed a

subset of these problems but their utility is limited, because
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they lack commonality of purpose and design. Traditionally
such studies are limited to a geographical sector, to a

specific population, and to demonstrating the extent and
severity of injuries resulting from a specific set of factors.
Further they lack universally accepted basic definitions,
such as, reportable injury, injury classifications, injury
rate, severity rating, etc.

As with the injurious aspects of sports, research has
not provided evidence to demonstrate the beneficial aspects
of sports (283, 284) making it impossible to assess the risk
of participation, particularly, if a definition of risk is
adopted as proposed by Clarke (16): "Calculated risk is an
assessment of the hazards in the sports being offered relative
to the sports' purported benefits."

Given that an equation in terms of benefits and injuries
can be developed, it would be impossible, according to Hayes
(274), to apply the results universally to a population of
participants with multifaceted motivations and participating
in sports at all levels of competition. The approach
suggested by Hayes may be more appropriate: "A risk factor
may be defined as the susceptibility of a participant to
injury. The susceptibility is determined by the state of the
man, machine, and environment, and the interactions among them."

By any definition, an assessment of the risks in sports
implies the availability of data. In particular, the latter
definition implies statistical knowledge of the system.

A system is characterized by a set of objects, their
descriptive attributes, and relationships between these objects
and attributes. In general, these objects or entities may be
physical or abstract. In sport, these entities might be
the athlete, protective equipment, playing surface, coach,
etc. The attributes are properties of each entity, for
example, the athlete's age, weight, aggressiveness, motivation,
muscular strength, or a ski binding's release tolerance,
corrosive resistance, tolerance to friction, etc. Relation-
ships between entities and attributes tie the system together.
Small changes in one parameter may alter the system dramatically.

Application of the systems concept to sport injury research
is a topic discussed by Fraser (266). He writes, "...consider-
ation of the interactions that occur within a man-machine-
environment complex that cause or contribute to the occurrence
of accidents, allows a clearer analysis,..., of the different
components that make up the system, .... Until this approach
becomes more widespread among all those involved, we cannot
even verge on the optimal in recreational system safety.

"
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In sport injury research, the systems concept has had
infrequent application. Most studies isolate one or two
variables and assume the effects of others to be negligible.
The efficacy of this "piecemeal approach" is obviously limited.

The literature provides very little information on sports
injuries related to activities of basketball, trampolines,
gymnastics, and to some extent, baseball. Conversely, football
and snow skiing activities account for most of the literature.
This disproportionate treatment by the literature could
properly reflect hazards encountered in these sports. However,
this would probably be an erroneous assumption in view of the
numbers of basketball and baseball injuries projected by NEISS.
Unfortunately, it is beyond the scope of this study to fill
the void where data are lacking.

2.2 NEISS

The National Electronic Injury Surveillance System (NEISS)
was implemented to collect injury surveillance data on a
wide range of products and activities from a sample of 119
participating hospital emergency rooms. These 119 hospitals
are a sample of all hospital emergency rooms in the contiguous
United States. (The 96th Edition of the Statistical Abstract
of the United States indicates that there were almost 6000
nonfederal "short-term" hospitals in the United States in 1973.)

NEISS broadens the scope of this study since it provides
data on the general population, whereas the literature
principally addresses a subset of this population--those
engaged in organized activities. The structure of the NEISS
precludes distinguishing between the many activities loosely
referred to as sport related activities and those activities
defined as sport. Only that activity which pulls together
elements of personnel, supervision, officiating, equipment,
and rules best characterizes sport. On the other hand, sport
related activities are not well defined and are potentially
related to sport only in a most obscure sense. NEISS treats
these two classes of activities as one when they are, from the
standpoint of this study, essentially dissimilar.

The need for distinction is also evident when approaches
are considered for reducing the risks associated with these
activities. Obviously, elements unique to organized activities
(rules, supervision, equipment, etc.) can serve as vehicles
for mitigating the incidence and severity of injuries. On the
other hand, problems of reducing the incidence and severity
of injuries resulting from unorganized activities, where these
common elements are missing, must be addressed in other ways.

Reducing the risks encountered by this population could be
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accomplished through information and education programs, or
possibly through improving the safety characteristics of
essential equipment.

The utility of NEISS, in view of the project objective,
is limited for other reasons.

First, it is impossible to establish statistically valid
injury rates from NEISS data, because the number of exposures
experienced by those in the NEISS sample is not known.
Typical measures of exposure are the number of participants
(injured and noninjured)

,
games, ski-man-days, hours, etc.

Without exposure data any comparative analysis of the NEISS
data assumes that each product category is equally represented
in the NEISS sample.

It should not be inferred that rates (injuries per
exposure) alone are sufficient for establishing priorities.
The magnitude of a problem, in terms of numbers of injuries
is equally important. Both statistics must be incorporated
into the analysis of risks. NEISS provides an estimate of
the number of emergency room treated injuries. Whether or
not 1000 injuries are incurred by a population of 1000
participants or 1 million participants is unknown.

Second, the system does not include provisions for
identifying any of the elements of the accident sequence.
Hence, inferences concerning the relative importance of
various elements in accident causation cannot be made.

Third, any rationale for establishing an optimum set
of priorities for mitigating the hazards of sports must
include measures of severity. Sufficiently detailed measures
are lacking because severity ratings are not an integral part
of the recording format. As a result, measures of severity
must be based on arbitrary ratings and derived in secondary
analysis. Such measures may be misleading if used for
establishing priorities. Furthermore, these data are
limited to immediate consequences. Data on long term or
late effects of trauma, critical to an accurate assessment
of severity (202), are not recorded.

Because it is impossible to identify circumstances
related to injuries and the relative risks incurred by
various groups, the utility of the NEISS data is limited.

- 6 -



3. DISCUSSION

This section begins with an analysis of data collected
by NEISS. Injuries and major injuries are discussed. A
discussion of sports fatalities follows. This section
closes with a discussion and analysis of material obtained
from the published literature.

3.1 NEISS

NEISS 3 provides data over a four year period, from
July 1972 through June 1976, providing a multi-year and
relatively consistent base of surveillance data about the
distribution of injuries treated in the sample of hospital
emergency rooms by type of injury, affected body part, age,
sex, and disposition. The numbers of injuries presented in
this report are in terms of national projections of hospital
emergency room treated injuries. 4 These projections are
derived by multiplying the number of injuries reported by
each hospital and summing the results for all hospitals.
The weight factor assigned to each hospital is determined
by the nature and number of similar hospitals in the country.
These are standard weights developed and used by CPSC in
their analyses. 5

3.1.1 Projected National Emergency Room Injuries

As indicated by table 1, 85% of the injuries are related
to football, baseball, and basketball activities. The
percentages of injuries distributed between these activities
differs only slightly. However, when only those injuries
incurred by youths 20 years or less are considered, these
differences become more pronounced. Football activities
clearly account for the greatest number of injuries. Although
the number of injuries related to gymnastics and trampoline
activities are low, practically all injuries are incurred
by youths 20 years old or less. In general, this age group
accounts for 73% of all injuries.

3NEISS data presented in this report were extracted from data
tapes prepared for NBS by CPSC.

4 See appendix A for data pertaining to specific injury types.

5Obtained from the Bureau of Epidemiology, CPSC.
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Table 1. NEISS emergency room injury projections
for FY 76 by product category and age group

Product
Category

All Ages Age Group < 20 Years
projected
injuries

June '75 -

July ' 76

% of
all

injuries

Projected
injuries

June '75 -

July 1 76

'% of corresponding
injury projections

for all ages

Football 386 944 31% 331 748 86 %

Baseball 351 073 28 207 575 59
Basketball 329 637 26 235 965 72
Snow skiing 85 807 7 54 292 63
Ice hockey 25 919 2 18 441 71
Gymnastic 54 105 4 50 814 94
Trampoline 18 465 1 17 642 96

1 251 940 100 % 916 477 73%

For the most part, this predominance of football,
basketball, and baseball injuries is the result of greater
numbers participating in these activities. This conclusion
is supported by data presented in table 2 on sports partici-
pation in institutions of the National Collegiate Athletic
Association (NCAA) (321) and the National Federation of State
High School Associations (NFSHSA) (322). The participation
pattern for various activities parallels the results indicated
by table 1. To extend this analysis further would be misleading

Table 2. Numbers
3

of participants in recreational programs
of member institutions of the National Federation of
State High School Association (322) and the National

Collegiate Athletic Association (321)

Interscholastic Intercollegiate Intramural Total All
Sport high school athletics sports (college) levels

Tackle football 1 113 106 42 187 4 341
i 493 101

Other football 19 066 — 314 401
-L

activities
Baseball 426 424 19 487 8 198

973 537
Softball 155 552 3 185 360 691
Basketball 1 127 797 22 937 412 246 -1 562 980
Skiing 19 510 1 324 2 855 — 23 689

Ice hockey 30 065 2 851 15 074 47 990

Gymnastics 116 764 4 202 3 763 124 729

a) These data do not account for all sports participants.

- 8 -



since the participation data provide only partial estimates.
Participation data for pre-secondary school and non-scholastic
sports are not included. In addition, the unknown numbers
participating in sports related activities would increase
participation estimates tremendously, particularly, for
sports such as football, basketball, and baseball.

In view of the project objective, it would be desirable
to express injuries in terms of rates for comparative analysis.
Risks of participation might be expressed in terms of injuries
per unit of exposure. Obviously, NEISS provides input for
estimating numbers of injuries, but exposure estimates for
the broad base of participants sampled by NEISS are unmeasurable.
A more realistic measure of the risks incurred in sports
activities may be in terms of injuries per unit of participation.
However, satisfactory estimates of participation for all groups
have not been obtained. Even if these data were available, it
may be inappropriate to establish rates without further adjust-
ments for geographic factors. Establishing priorities on the
basis of numbers of injuries alone suggests that football,
basketball, and baseball should receive the greatest priority
for further investigation.

Relative to other NEISS product categories, only two,
"Stairs, Ramps and Landings" and "Bicycles and Bicycle Equipment,"
account for more emergency room injuries (324) during this
period, than football, baseball, or basketball.

3.1.2 Major Injuries

All injuries reported through the NEISS are classified
according to one of four disposition codes:

1. Treated and released or examined and not treated;
2. Treated and transferred for hospitalization;
3. Admitted for hospitalization;
4. DOA or expired in emergency room.

Major injuries will be defined as those injuries classified
according to code 2, 3, or 4.

As indicated in table 3, football accounts for the
greatest number of major injuries, followed by baseball and
snow skiing. Snow skiing 6 accounts for the highest ratio of

6 Ski injuries may be misrepresented by the NEISS. See
discussion, page 19.
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major to all injuries— 1 out of every 13 injuries is a major
injury. Conversely, basketball suggests the lowest ratio.
The incidence of major injuries incurred by youths less than
20 years old is similar to that indicated by table 1— 72% of
all major injuries compared to 73% of all injuries are
incurred by this age group.

Table 3. NEISS major injury projections for FY 76
by product category

Product
Category

All Ages Age Group <20
Major injury
projections
June '75 -

July ' 76

% of 1

all
major
injuries

Ratio of
major

injuries to
all injuries

Major
injuries

June ' 75 -

July '76

% of corresponding
major injury
projections for

all ages

Football 11 938 37% 1/32 10 613 89%
Baseball 8 063 25 1/44 4 639 58

Basketball 2 919 9 1/113 1 921 66

Snow skiing 6 608 21 1/13 3 622 55

Ice hockey 343 1 1/76 211 62

Gymnastics 1 417 4 1/38 1 361 96

Trampoline 911 3 1/20 805 88

Total 32 199 100% 23 172 72%

3.1.3 Projected Injury Trends

Table 4 provides the average annual percent changes in the
projected number of injuries treated in hospital emergency
rooms. As indicated, only activities related to ice hockey
show a decline in the projected number of injuries.

Table 4. Average annual percentage change in projected
injuries by sport—July 1972 through June 1976.

Activity

Average
Annual

% change

Football 19.1
Baseball 22.7
Basketball 20.4
Snow skiing 4.0
Ice hockey -3.4
Gymnastics 51.1
Trampoline 3.9

Based on two years of data July 1974 through June 1976.
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Injuries resulting from gymnastic activities have increased
at the greatest rate. However, given the greater numbers of
injuries in activities related to football, baseball, and
basketball, the increases corresponding to these activities
are of greater consequence.

3 . 2 Fatalities

Data pertaining to fatalities in sports come from two
sources—the CPSC's Death Certificate Project and the Annual
Survey of Football Fatalities.

3.2.1 Death Certificate Project

The Death Certificate Project was initiated by the CPSC
to "provide additional information concerning hazard patterns."
(324) The project is designed to collect certificates from
54 health jurisdictions, New York City, the District of
Columbia, Puerto Rico, and the Virgin Islands. At this time,
not all jurisdictions have reported. Thus, these data do not
reflect the totality of sports fatalities. It should also
be noted that these fatalities are the result of a broad
range of sports activities (from recreational to competitive
activities) and no inferences can be made regarding the role
of protective equipment.

The seven product categories emphasized in this study
have accumulated 126 certificates of death since 1973.
Table 5 provides a summary of these certificates. They are
primarily distributed in the categories related to football,
baseball, and snow skiing activities. These fatalities are
associated primarily with head injuries.

3.2.2 Annual Survey of Football Fatalities

Another source of information on fatalities in sports
has been .the Annual Survey of Football Fatalities initiated
in 1931 by the American Football Coaches Association. Since
then, a study has been conducted each year with the exception
of 1942. The 1975 report (5) indicates 1221 fatalities have
been recorded during the past 43 years as a result of football
activities. Of these, 821 have been classified as "direct"
and 400 as "indirect."

The criteria for making these classifications are as
follows: Direct-- "Those deaths which resulted directly from
participation in football"; Indirect-- "Those which are caused
by systematic failure as a result of exertion while participating
in football activity or by a complication which was secondary
to a non-fatal injury.

"
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Table 5. Summary of death certificates collected by
CPSC as of October 1976 by sport, year of

death, and location of related injury

(These data were extracted from the certificates by CPSC staff.)

Yr

.

Head
injury

Neck/
spine

Trunk
internal Other Total

Football
(Prod. Code 1211)

73 10 1 2 13
51

(40%)
74 13 2 2 3 20
75 9 3 1 4 17
76 1 1

Baseball
(1204)

73 4 2 6

35
(28%)

74 11 2 3 16
75 5 2 7

76 4 2 6

Basketball
(1205)

73 1 1

8

(6%)

74 2 1 3

75 1 1 1 3

76 1 1

Snow skiing
(1216)

73 1 1 2

23
(18%)

74 4 2 1 7

75 5 2 7

76 4 1 1 1 7

Ice hockey
(1279)

73 0

1

(1%)

74 0

75 0

76 1 1

Gymnastics
(1272)

73 0

2

(2%)

74 1 1

75 1 1

76 0

Trampoline
(1233)

73 0

6

(5%)

74 2 2 4

75 1 1 2

76 0

Total
(%)

77
(61%)

14
(11%)

14
(11%)

21
(17%)

126
(100%)
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The majority of all football-related fatalities have
occurred in high school football (60.5%), followed by sandlot
(20.9%), college (11.1%) and pro and semipro football (7.5%).

Direct fatalities were primarily the result of head
injuries (60.6%), followed by injuries to the spine (18.3%)
and injuries to the abdominal or internal organs (17.0%).

In 1975, there were 15 direct fatalities, 13 involving
the head and 2 involving the spinal cord. There have been
57 direct fatalities recorded in the four seasons between
1971 and 1975 (2-5)

.

Fifty-three of these fatalities
resulted from injuries to the head, neck, and spinal cord.

The incidence of fatalities in sports appears to be low.
For example, Blyth and Arnold (5) calculate the average
number of fatalities directly related to football to be
1.09 per 100 000 players annually.

3 . 3 Published Literature

There are no comprehensive studies that examine injury
patterns across all sports. Most of the literature concerns
specific problems within individual sports. A direct comparison
of these reports is usually impossible because each employs a
different definition of reportable injury, different definitions
of severity, and focuses on different problems and populations.
The literature can be grouped into that material concerning
the distribution of injuries within a sport and reports
emphasizing specific issues. Specific issues are discussed
in the latter portion of this section. However, to place
these issues in proper perspective a review of the distribution
of injuries is presented first.

3.3.1 Distribution of Injuries by Sport

a. Football

Football has been the principal target of most athletic
injury research. As a result, reports on football injuries
are numerous. Those presented were chosen because they are
the more recent reports available or they illustrate a

particular approach to research and reflect the literature
regarding the overall distribution of injuries encountered
within this sport.

Garrahan (21)

,

in a study of the 1960-65 high school
football seasons in Rhode Island, obtained injury data from
insurance claim forms. Of 11 020 football athletes partici-
pating in this 6-year period, 2191 were injured. This
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injury rate (19.9 injuries per 100 participants) is one of
the lowest reported for football and is typical of rates
based upon insurance claims.

Most injuries involved the

shoulder, and
back

.

knee

,

hand

,

ankle

,

13.4%
12.7%
8.4%
7.4%
7.2%

The types of injuries were

strains and
sprains

,

fractions

,

concussions, and
lacerations

.

61.0%
15.2%
4 . 9 %

4.7%

A study by Allen (1) of 465 football players, constituting
5 teams participating in league play during the 1965 and 1966
season at Clarke Air Force Base, recorded 200 injuries for
a rate of 62.4 injuries per 100 participants. This is the
highest reported injury rate for any population of football
players. Also, the severity of these injuries exceeds that
usually reported.

One hundred and eleven (38%) injuries were graded as major
injuries; 22% "resulted in the player being out for the
season"; and 13% resulted in hospitalization. There was
a total of 711 days of hospitalization resulting in an
average of 2.45 hospitalized days per injury. The body
parts most frequently injured were the

The knee also accounted for 30% of the 111 major injuries.

knee

,

ankle

,

forearm-wrist-hand

,

shoulder girdle,
upper arm-elbow,
thigh

,

spine-back-neck, and
foot

.

21.4%
15.9%
12 .4%
11.4%
5.5%
5.2%
4.1%
4.1%
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The most common type of injuries were

contusions

,

sprains (injuries to
29.7%

the ligaments)

,

strains (injuries to
27 .

6

o
o

the musculotendinous
structures

)

fractures

,

abrasions and

14.5%
6 . 2 %

lacerations, and
dislocations

.

5.5%
3.4%

Sprains and strains also accounted for 40.5% of the 111 major
injuries

.

The National Football Injury Report (28) represents a
joint effort by the National Collegiate Athletic Association
Committee on Medical Aspects and Competitive Safeguards of
Sports and the U.S. Public Health Service, to provide nation-
wide data at the college level on the incidence and causes of
football injuries. The report is plagued by what the authors
refer to as "some confusion as to what constituted a reportable
injury." Data were drawn from 40 schools participating in
National Collegiate Athletic Association (NCAA) football
during the 1970 season.

There were 2782 injuries reported and classified according
to three degrees of severity: "Active Participation" (those
injuries without time lost from participation) ; "Partial
Participation" (injuries with time lost from games or practice)
and "Hospitalized." The 2782 injuries involved 1468 players.
These were classified as "Active Participation" injuries in
37.5% of the 2782 injuries; "Partial Participation" injuries
(56.0%); and "Hospitalized" (6.5%).

The principal types of injuries reported were

sprains

,

contusions

,

strains

,

concussions, and
fractures

.

31.1%
25.4%
17.1%
6.5%
4.7%

The most frequently injured body part was the

knee

,

ankle

,

head and face
thigh, and
shoulder

.

18.2%
12 . 0 %

10 . 6 %

5.7%
5.3%
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Of the 179 hospitalized cases, 40.8% were the result of
knee injuries and 20.7% the result of head and face injuries.

Probably the most comprehensive study of high school
football injuries is one conducted in North Carolina between
1968 and 1972 by Blyth and Mueller (9)

.

This study included
43 high schools selected on the basis of size, and for
logistic reasons, within a 100-mile proximity of Chapel Hill,
North Carolina. As a result, 8776 participants were included
in the study. A reported injury was "one occurring as a result
of participation in an organized football program at the high
school level, for which professional treatment was received,
and/or which resulted in restriction or modification of the
boy's usual activity for one day beyond the day of injury."

There were 4287 injuries recorded in four years resulting
in an average injury rate of 488 injuries per 1000 players.
Data on these injuries were the result of interviews with
coaches, injured players, and fellow players.

The major types of injuries were

sprains

,

- 20.4%
contusions

,

- 17.7%
fractures

,

- 10.6%
pulled muscles. - 8.8%
strains

,

- 7.4%
lacerations, and - 5.8%
concussions

.

— 5.4%

Injuries were distributed in the following

lower leg, knee, and ankle. 38.0%
trunk

,

- 13.2%
head and neck, - 12 . 9%
shoulder

,

- 8. 3%
hand, fingers, and thumb, - 8.0%
lower arm, including wrist

and elbow. - 6.7%
upper leg, - 5.4%
back

,

- 4.7%
foot and toe, and - 2.9%
upper arm. - 1.4%

The most frequently injured body part was the lower leg
(including knee and ankle) with 38.0% of the reported injuries.
Over one half (50.8%) the lower leg injuries involved the knee,
followed closely by the ankle (40.3%).
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A severity classification for specific groupings of
injuries was not given. However, the overall severity of
the 4287 injuries was assessed. Of these injuries, 34.7%
resulted in "seven or more days lost from participation by
injured participants."

The frequency of injuries resulting from a "blow from
object" accounted for 31.2% of all injuries. The "objects"
were recorded as helmets causing 38.8% of these injuries,
shoes (23.1%), shoulder pads (15.2%), and knees (11.9%).
Injuries involving helmets and shoulder pads as the "objects,"
accounted for 16.8% of the total number of injuries.

Other major classifications of causes include:

collision with another person, - 20.1%
torsion or twisting, - 10.8%
collision with object,
contact with sharp, hard, or

- 8.6%

rough object. - 4.0%
illegal act. - 3.7%
stepped in or on object, - 2.6%
improper technique, and
ill fitting, broken, or

- 1.9%

defective equipment - 1.7%

Summary

Injuries occurring in football are primarily distributed
about the

knee and ankle,
hand and arm, trunk, and
shoulder.

The principal types of injuries are

sprains and strains,
contusions, and
fractures

.

Since football is a contact sport, it is not surprising that
most injuries result from impacts with objects and collisions
with other persons.

b. Ice Hockey

Ice hockey, like football, is a contact sport involving
forces which are potentially injurious. These forces are
transmitted through body checks, stick, puck, skate blades
and contact with boards, surface, or goal posts.
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An early survey (1963-64 season) by Toogood and
Love (111), collected injury data from insurance claims on 85
reported injuries from a population of 2469 participants
(ages 7-18 years) in the Toronto Township Hockey League.
Although the report implies mouthpieces and headgear were
worn (the extent to which these were worn is not mentioned)

,

65.9% of the injuries were injuries to the head or face. The
mouth and teeth accounted for 24.7% of these injuries. The
majority of head and face injuries were due to being hit by
the hockey stick (18.8%), puck (.12.9%), or skate (7.1%).

A survey (109) of hockey injuries during the 1969-70
season "within the greater Edmonton metropolitan area,"
collected data on 446 injuries involving 345 players. The
survey included 6890 players, ages 9 through "18 plus," from
461 teams. Again, the majority of injuries were to the head
and face (55.5%). Injuries were distributed to the

head and face,
shoulder

,

knee

,

hand

,

ankle, and
wrist

.

The typical injuries were

lacerations

,

bone/muscle bruise,
fractures

,

sprains/strains

,

teeth

,

concussions, and
dislocations

.

The "causes of injury" were attributed to the

stick

,

- 32.7%
puck

,

- 17.7%
boards

,

- 15.9%
body check,
accidental collisions

- 12.1%

between players. - 7.4%
fall or trip. - 5.8%
skates

,

- 3.6%
fights, and - 2.5%
goal posts. - 1.8%

- 55.5%
- 7.4%
- 7.4%
- 4.9%
- 4.7%
- 3.6%

- 34.8%
- 19.5%
- 12 . 8 %

- 12 . 6 %

- 8.7%
- 4.3%
- 3.6%

Inadequate or faulty equipment was named in 0.2% of the total
injuries. The extent to which helmets and intra-oral mouth
protectors were worn by all players cannot be determined.
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However in 90% of the injuries involving teeth, the players
were not wearing a mouth protector. Ninety- three percent
of the lacerations were to the facial area. Of the 19 players
suffering concussions, 17 were wearing hockey helmets.

Hayes (102) collected ice hockey injury data during the
1970-71 season from 21 Canadian and 9 American universities
conducting intercollegiate hockey programs. The 328 injuries
were distributed about the

The distribution of these injuries "relative to the cause
included

Hayes also noted that most injuries were contusions or
lacerations

.

c. Snow Skiing

Unlike hockey and football, ski-accident research has
emphasized noncompetitive populations engaged in recreational
activities. Associated with this population are wide
differences in participant age, physical condition, ability,
experience, exposure, training, among other factors.

Shealy (75), in reviewing the literature, estimates that
there are between 3 and 5 million skiers in the U.S. and
165 000 to 600 000 injuries annually. Most of these injuries
involved the lower extremity.

The incidence of skiing injuries estimated by Shealy
is much greater than that suggested by the NEISS data. A
possible explanation is that ski areas frequently provide
emergency medical facilities or first-aid stations at the
base of the slopes. As a result, many injured skiers are
treated locally and may not require emergency room treatment.
Since NEISS reflects only those cases treated in the emergency
rooms of participating hospitals, these injuries are not

recorded

.

head and face,
knee

,

neck and shoulders,
trunk

,

ankles and feet,
arms and hands, and
upper leg.

45.1%
10.4%
9.2%
8 . 8 %

8 . 2 %

7.9%
5.5%

body contact,
stick

,

puck

,

ice surface, and
skates

.

38 . 3%
29 . 1%
15.2%
13.9%
3.5%
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Arnold and Ackman (45) in a study of ski injuries in
Canada, indicate approximately 39.0% of all injuries are
sprains followed in frequency by

The lower extremity was injured in approximately 70% of the
cases. In commenting on the effectiveness of release bindings
the authors indicate, "approximately half the injured skiers
felt that their bindings failed to function properly at the
time of their injuries."

Snow conditions were indicated as factors contributing
to the "causes of accidents" in 30% of the cases, closely
followed by "carelessness" (27.5%); "faulty equipment" was
indicated in 10% of the cases.

In an analysis of ski injuries encountered during the
1972-73 season at a Vermont ski area and treated at the
emergency medical care facility at the base of the slope,
Gutman (59), et al., recorded 792 injuries. Sprains were
the most frequently reported injuries, accounting for 43%
of the total. Fractures were second with 31% of the total.
Thus sprains, strains, and fractures represented 74% of all
injuries in that survey. These 584 injuries involved the
upper extremity (including trunk) in 33.9% of the cases and
lower extremity in 65.8% of the cases.

These statistics compared with a similar and earlier
study of the 1960-61 season by the same authors, show little
change in the overall injury rate and similar distributions
of specific types of injuries. However, this comparison shows
the number of upper extremity sprains and fractures have
increased from 49 in 1960-61 to 198 in 1972-73 while lower
extremity sprains and fractures have decreased from 476 in
1960-61 to 384 in 1972-73. Total sprains and fractures
increased from 539 to 584 for the same period. The authors
hypothesize that modern equipment, "hard-plastic boots,"
and "improved release binding" may be the reason for this
slight shift in the injury pattern.

The changing patterns of ski injuries was the subject
of a report by Tapper and Moritz C78) . They compare data
collected at one ski area during the 1969-72 skiing seasons
with injury records of earlier seasons. The rate of ski
injuries, according to the authors, has declined from 7.4
per 1000 skiing days in 1960-61 to 3.2 injuries per 1000
skiing days in 1971-72. The most "significant factors" in

fractures

,

cuts

,

dislocations, and
frostbite

.

32 . 0%
15.0%
4.0%
1 . 0 %

- 20 -



the declining injury rate, according to the authors, have
been "the slope grooming and continued expansion" of the
skiing area.

The most pronounced change in injuries has been a decline
in ankle sprains and fractures and foot injuries and an
increase in tibial shaft fractures. Of the tibial shaft
fractures occurring during the 1971-72, 30% were in children
under the age of 10. Injuries involving the knee, tibia,
ankle, and foot accounted for 45% of the injuries during the
1969-72 seasons.

In most accidents, injured skiers blamed slope conditions,
bindings, collisions, or ski poles as the "cause" of their
injury— 37% directly blamed malfunction of their bindings.

Garrick and Kurland (58)

,

in a study assessing the
methods of collecting ski injury data, suggest that "data
from ski patrol reports may not represent accurately the
number of injured skiers or the characteristics of all the
injured as a group."

In a controlled experiment to determine the extent that
injuries are not reported, they found that characteristics
of sex, age, and skill level were significant in determining
who would and who would not report injuries. Of the injured
seen in this experiment, 45% had not reported their injuries
to the local ski patrol. The importance of this result
should be emphasized. First, reports using data collected
by the ski patrol or at the ski-area first-aid station
apparently underestimate the extent of the injury problem.
Second, such studies may be misleading since young,
inexperienced, or female skiers are most likely to report
their injuries while their counterparts are least likely.

A study by Shealy, et al. (75) supports this finding.
Their study population consisted of 2071 members (primarily
students - 90%) of a ski club in Buffalo, New York. Data
were collected through questionnaires sent to members. When
comparing results with those of the ski patrol for the same
period, the authors found that 58% of all fractures and 84%
of all non-fractures and 80% of all injuries had not been
reported to the ski patrol. In addition, the same reporting
biases in age, sex, and experience were observed as in the
study by Garrick and Kurland.

d. Baseball

The published literature offers very little regarding
injuries related to baseball activities. A report by Polk (96)
was published in 1968 and provides data on the frequency and
causes of baseball injuries incurred by professional and

- 21 -



college baseball players. The principal types of injuries
reported in this survey were

These injuries accounted for 82.5% of all injuries.

Sprains were primarily due to sliding and running between
bases. Strains were predominantly the result of throwing,
followed in frequency by running between the bases. Contusions
were primarily the result of a batter being hit by the pitched
ball or as a result of collisions between players. Pulled
muscles were predominantly due to running between bases or
throwing. The causes of fractures were distributed evenly
between sliding and the batter being hit by the pitched ball.

e. Basketball

Few reports were obtained describing injuries and related
factors associated with basketball. There is a paucity of
published literature regarding this sport.

Basketball injuries, according to the authors of a
University of Toronto study (288), are primarily sprains
and strains. This type of injury accounted for 58.3% of
all intercollegiate and intramural athletic injuries. The
most frequently occurring injuries were

sprains

,

strains

,

contusions

,

pulled muscles, and
fractures

.

27.3%
18.7%
16.9%
11.3%
8.3%

sprains and strains,
contusions

,

fractures, and
abrasions/lacerations

58.3%
14.0%
5.1%
4.6%

Injuries were distributed about the

ankles

,

hands/wrists/fingers/
31.6 o,

*o

thumbs

,

knees

,

head/face, and
elbows/shoulders

.

20 . 1 %

11.4%
6.7%
4.3%
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f. Gymnastics

Gymnastics includes a variety of activities. The sport
encompasses the events of floor exercise, vaulting, rings,
horizontal bar, parallel bars, pommel fside) horse, and
includes activities of trampolining and tumbling.

Bozdech (.361, pp. 541-542), in surveying the literature
of European countries, indicates the relative injury rate
(number of injuries in 100 athletes per year) is between
0.8 and 2.07 percent. According to Bozdech "the greatest
number of injuries occur on the parallel bars; then follow
the horizontal bar, rings, and horse. But the most dangerous
apparatus is the horizontal bar: Of all fatal injuries,
36 percent occur on this apparatus as opposed to only 18 percent
on the rings." Most of the injuries in gymnastics, he claims,
are the result of a wrong execution of the exercise. Defects
in the apparatus is second in causing injuries, but he adds
"this is far less common."

The reasons why the horizontal bar is the more hazardous
apparatus are not given by Bozdech. However, the increased
risk is probably due to the height of the apparatus (102 3/8 in
(40.31 cm) from floor to bar) (125, p. GY10, Rule 1) and the
requirement for executing maneuvers. In the latter case the
performer must release and regrasp the bar, providing opportunity
for falls.

The published literature provides no additional injury
statistics regarding trampoline activities. However, according
to Piscopo (121, p. 34-37) "the element of risk sharply
increases when somersault turns are introduced."

3.3.2 Specific Issues

Several of the more frequently occurring or severe sports
injuries are emphasized by the literature. These include
head and facial injuries, lower leg, spinal injuries, lower
extremity equipment related ski injuries, and injuries
related to playing surfaces. These are discussed in the
following sections.

a. Head Injuries - Concussions

Injuries involving the head have created greater concern
than injuries to any other parts of the body. It is not
because these injuries occur more frequently, but because
of their potential severity. Although there are limited
data available to quantify the extent of serious head injuries
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in sports, many studies have been published which provide
insight into this problem. Probably the most notable of
these studies are the annual surveys of football fatalities
(2-5)

.

According to the Forty-Fourth Survey (5) 819 deaths
resulted directly from participation in football over the
past 44 years. Sixty-one percent of the recorded deaths
resulted from head injuries (66% as a result of high school
football, 20% from "sandlot" football, 7% from college
and 7% from "pro and semipro" football activities) . Unfortu-
nately, similar studies for other sports have not developed.

Recently the CPSC began collecting death certificates.
These data do not reflect the totality of sports fatalities
nor at this time are they relevant to statistical analysis.
However, the certificates provide additional information on
the severity of head injuries in sports. As indicated in
table 5 (page 12), head injuries account for 61% of the
certificates on record for the seven sports. It should be
noted that these fatalities are the result of a broad range
of sports activities (from recreational to competitive
activities) and no inferences can be made regarding the role
of protective equipment. They do emphasize, however, the
importance and need for adequate head protection in sports.

Concussions, according to NEISS, 7 account for approxi-
mately 1% or less of all injuries reported for each sport.
However, when only major injuries (those requiring hospitali-
zation) are considered, concussions become more apparent
accounting for

11.8% of major football injuries,
8.7% of major basketball injuries,

11.6% of major baseball injuries,
2.5% of major snow skiing injuries,
9.5% of major gymnastic injuries, and
5.4% of major trampoline injuries.

Again, it must be noted that these data are drawn from the
general population and the specific role of protective equip-
ment is unknown.

Many studies have emphasized particular populations and
show the incidence of head injury in relation to other injuries.
The study of North Carolina High School football injuries
discussed earlier (9), surveyed 45 schools over a 4-year

7 See appendix A.



period--l 9 6 9- 19 72 . Two hundred and thirty-one concussions
were recorded for 8776 football participants in the sample
schools. Assuming other regions of the country experienced
similar rates (2.6 concussions per 100 athletes), the
resulting projection is substantial— 28 941 concussions
annually occurring in interscholastic high school football
alone

.

In relation to other injuries, the North Carolina study
showed concussions accounted for 5.4% of all reported injuries.
This is comparable to rates reported in other studies conducted
by Garrahan (21), Martin, et al. (28), and Grippo (25).

Table 6. Comparison of head injury (concussions)
reported by various studies.

% of all
Source injuries Population

Garrahan 4.9 High School Football
1960-1965

Martin, et al

.

6.5 College Football
1970

Grippo
(SRI)

4.5 Professional Football
1974

Blyth, et al.
N.C. Study

5.4 High School Football
1969-72

There is no argument as to the etiology of head injuries.
As Snook (175) suggests, "...the etiology is a blow to the
head,..." The injuries that follow may be "...cerebral
concussion, intracerebral hemorrhage, craniocerebral hematoma,
either epidural and subdural, and cerebral hemorrhage." Thus,
the prime objective of a helmet is to provide a "smooth ride
for the brain" (163) by attenuating the forces of impact (158).
But the characteristics of these impacts depends upon the
sport (143, 156). In hockey and baseball these impacts are
characterized by high velocity low mass impacts (puck, ball,
stick) , whereas the reverse holds true for football.

The head injury problem has attracted the attention of
two groups currently developing standards in athletic
equipment— the National Operating Committee on Standards for
Athletic Equipment (NOCSAE) and the ASTM Committee F-8.
NOCSAE has prepared and implemented a "Standard Method of
Impact Test and Performance Requirements for Football Helmets"
(348) based on work done at Wayne State University. As of
August 1976, a total of 93 helmet models have passed the
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NOCSAE standard (327). ASTM will soon follow with a football
helmet test procedure. Both are preparing and considering
standards for ice hockey helmets and NOCSAE will soon present
a baseball batting helmet standard (330)

.

The NOCSAE standard is a significant document in that
it has established the minimum level of performance helmet
manufacturers must attain if their helmets are to be used
in high school and college football programs throughout the
nation. This is the result of recent decisions by the rules
committees making the wearing of NOCSAE approved helmets mandatory
for college football players in 1978 and high schools in 1980
(174, 37)

.

Considerable controversy has surrounded the differences
between the NOCSAE test methods and the ASTM method of testing
helmets, particularly with respect to the headform—NOCSAE
using a resilient headform and ASTM favoring a rigid metal
headform. 8 The extent of these differences, particularly
regarding the ability to reflect safety performance charac-
teristics, is not known. Some proclaim a distinct difference
exists. Hodgson (147) commenting on this difference notes,
"...some comparative drop tests were made using human cadavers.
The data revealed that the MHF (metal headform) was not only
unrealistic in response characteristics, but also distorted
the comparison between helmets, thus making a more realistic
head model essential to progress." On the other hand, Newman
(158) cites recent work "with both cast magnesium and soft
headforms" where results indicated that "the physical
properties of the headform have little influence on helmet
response .

"

Recent tests, in which NBS participated (129, 130, 131),
indicate the existence of "substantial differences in the
measured values of maximum accelerations transmitted to the
headform when using the NOCSAE and ASTM test systems" and "poor
correlation between the two test methods." If in fact the
results differ substantially between two relatively simple
drop tests, what differences prevail when playing field
conditions are substituted for laboratory conditions?

Of further concern has been the failure to demonstrate
interlaboratory reproducibility of test results. This was
indicated by Andrews (129, 130) and more recently suggested
by the results of the "NOCSAE Round Robin" presented at
the ASTM meeting of January 1977.

8 Several reports are available that examine in considerable
detail the difficulties of evaluating protective headgear,
for example, reports by Berger (134) and Newman (158).
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Another controversial point concerns the criteria for
determining failure, i.e., "at what point the output
exceeds that, which, from a biomechanical point of view,
would be injurious to the wearer of the helmet" (158). Data
needed to confirm or dispute this argument do not exist.

The criteria used in the NOCSAE test is based on an
approximation of the Wayne State Tolerance (WST) curve: 9

SI = /

T
a 2 ’ 5 dt

.

.

o

Portions of the WST curve were derived from tests using
human cadavers, animals, human volunteer studies and accidental
free falls (158) . This curve has never been verified for
living humans (158) , nor is there convincing evidence in the
published literature showing correlation between the severity
index and tolerance to impact conditions encountered on the
playing field.

Studies to determine the characteristics of impacts
encountered under playing conditions are practically non-
existent. Radio telemetry has been attempted (163) but
the results are questionable. That differences in the two
environments exist is obvious. In the laboratory the helmet
absorbs most of the impact. On the field the helmet becomes
an element of the system absorbing part of the impact and the
physiologic response of the athlete dissipating the rest (163)

.

Further, current test methods for helmets simulate only the
translational component of acceleration. Obviously, head
impacts in sports result in both translational and rotational
motions. The importance of the rotational component relative
to the translational component has not been conclusively
demonstrated

.

Still to be resolved is the question as to how long a
certified helmet maintains its certified condition. This
is a complicated problem that depends on several factors
including type of helmet, age, usage pattern, and if it
will be reconditioned periodically.

Research in helmet testing is in its first generation
and it is apparent in reviewing the published literature
that current testing methods are embedded in considerable
controversy. These problems can only be resolved by
stimulating and encouraging research.

9 See appendix B.
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b. Facial Injuries

Facial injuries have also attracted the interest of
those concerned with sport safety. These injuries occur
with greatest frequency as a result of ice hockey activities.

Of the ice hockey data collected through NEISS over the
past two years, 10 almost 56% involve an injury to the head,
ear, eye, face, or mouth. The face alone accounts for
38.9% of all injuries.

The survey of ice hockey injuries (1963-64 season) by
Toogood and Love (111), of the Toronto Township Hockey League
support these data. Of the 85 injuries, 65.9% were injuries
to the head or face. The mouth and teeth accounted for 24.7%
of these injuries. The majority of head and face injuries
resulted from being hit by the hockey stick, puck, or skate.

The survey (108) of hockey injuries during the 1969-70
season "within the greater Edmonton metropolitan area,"
also indicates that the majority of injuries involve the
head and face (55.5%). Injuries involving the head were
distributed about the

mouth

,

- 16.4%
eyes

,

- 13.7%
nose

,

- 8.1%
head (not face)

,

- 4.7%
forehead

,

- 4.5%
cheek, and - 4.3%
j aw. - 3.8%

Typical injuries were

lacerations

,

bone/muscle bruises,
fractures

,

sprain/strains

,

teeth

,

concussions, and
dislocations

.

34 . 8%
19.5%
12 . 8 %

12 . 6 %

8.7%
4.3%
3.6%

The study of ice hockey injuries during the 1970-71 season
by Hayes (102) shows similar findings. Of 328 injuries
encountered in 280 collegiate games, slightly more than 45%
involved the head and face.

10 See appendix A, table A. 6.
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It is apparent from the available literature that over
45% of hockey injuries involve some part of the face. This
is substantiated by the Massachusetts Medical Society's
recent findings and recommendations.

"A Committee of the Massachusetts Medical Society
finds a startling increase in eye and facial
injuries in hockey at all levels and recommends
every player—not just goalies--wear full masks." (113)

Face shields are becoming increasingly popular in hockey
and will be mandatory for all Ameteur Hockey Association (AHA)
players up to age 16 starting this season and for Massachusetts
secondary school players in 1978 (115)

.

Goalie masks are worn by practically all goalies. The
performance of these masks was the subject of a clinical test
by Sze, et al. (110) Their test apparatus consisted of a
rigid headform. The location, magnitude, and direction of
puck impact was controlled by a puck suspended on three guy
wires. A heavier than normal puck was used to enable the
investigators "to extrapolate the findings to higher velocities
for which the momentum of the modified puck is comparable
to the momentum of an actual puck traveling between 80 and
100 miles per hour." The results indicate, "...two serious
design weaknesses in all of the masks tested. None were
able to distribute a blow which impacted on a support point.
Secondly, blows away from support points caused the mask to
'bottom out' in critical regions at forces well below those
commonly developed in a game."

ASTM is developing a standard for eye and face protection
for hockey players. This standard which will be completed
in the near future does not include contour masks for goalies.
NOCSAE is in the preliminary stage of developing a face mask
standard (330). The potential and alternatives for promulgating
these standards should be evaluated.

c. Neck Injuries

Spinal injuries, particularly those to the cervical region
also have resulted in sports. A recent study of spinal cord
injuries in high school and college programs by Clarke (139)

,

estimates that 68 permanent cases* 1 occur annually (54 in
high school programs, 4 in 2-year college and 10 in 4-year
college programs)

.

1

1

Defined as hemiplegia-monoplegia, paraplegia, quadriplegia

,

or death.
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Of the 86 permanent cases reported in that 3-year study,
football accounted for 46 (or 54%)

,

gymnastic activities for
22 (26%), baseball for 3, and basketball for 1. Trampoline
activity accounted for 36% of the permanent cases resulting
from participating in gymnastic activities.

Most of the spinal injuries in gymnastics were attributed
to "improper landings on the apparatus" leading that
investigator to emphasize the need for "...competent super-
vision more to protect the participant from premature attempts
to execute advanced maneuvers than to serve as a spotter for
off-apparatus landings."

Annual surveys of football fatalities (.2-5) have
collected data over a 43-year period. The most recent
survey (5) provides data on 819 fatalities directly related
to football activities--18 . 3% of these were the result of
spinal injuries, primarily injuries involving the cervical
spine. Since 1970, spinal injuries have accounted for
17.9% of all direct football fatalities.

The incidence of neck injuries, however, appears to be
low. The North Carolina Study (9) of high school injuries
showed 2.6% of all injuries were neck injuries. The "National
Football League 1974 Injury Study" found 2.8% of all injuries
involved the neck. The NEISS data provides rates for the
general population. These are shown in table 7. The incidence
of neck injury is less than 5% for any category.

Table 7. NEISS data--average annual number of projected
emergency room injuries involving the neck

by sport (FY 1973-76)

Average annual
projected
number

o
o

Injuries requiring
hospitalization

o.
'o

Football 3779 (1.2) 4., 6

Basketball 791 (0.3) 3., 4

Baseball 1661 (0.6) 0 ., 8

Snow skiing 537 (0.6) 7., 4

Gymnastic 1086 (3.0) 11., 3

Trampoline 813 (4.4) 4.. 0

Ice hockey 202 (0.8) 0 ., 0

Although gymnastic and trampoline activities produce more
neck injuries per 100 reported injuries, football activities
provide the greatest number of neck injuries. Gymnastic
activities also produce the greatest rate of major injuries.
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The principal factor in the production of neck injuries
"...is a forceful displacement of the neck in one direction
or, less commonly, in a twisting action." (175)

Liedholt (154) suggested that the "forces that produce
injuries of the spine can be divided into compression, flexion,
extension, lateral flexion, rotation and horizontal shear."
Of these, flexion, extension, and lateral flexion are
primarily associated with severe neck injuries in sports.

In an early study of head and neck injuries published
in 1961, Schneider (171) reviewed 14 football fatalities.
He noted that, "Often the unyielding plastic face guard was
found to have been forced upward, throwing the neck into
hyper-extension. ...The posterior rim of the helmet,..., was
driven against the back of the neck and frequently caused severe
injury to the cervical vertebrae and spinal cord."

Alley (128) , a few years later, in a study of head and
neck injuries in high school football reached the opposite
conclusion and noted that, "the vast majority of neck injuries
were sustained in flexion, and the faceguard was found not
culpable in the production of those injuries." He further
indicated that many of these injuries were the result of
a technique known as "spearing.

"

More recently, Snook (175) commented, "...that such
hyper-flexion injury is relatively rare," and noted that,
"By far, the most common type of neck injury that we have
seen is the lateral-flexion neck injury in which the head
is sharply laterally flexed to one side." He also suggests
that "high shoulder-pads" or "neck collars" protect against
these injuries.

The face mask probably contributes to neck injury.
Considering the observed mechanisms of neck injury, the
protruding face mask serves as a lever for increasing the
effective load applied to the cervical spine. In recognition
of this fact, some have encouraged the removal of the mask.
However, as Torg has been quoted (187), "due to playing
techniques and attitudes inculcated in players today, I

think to remove the face mask would be sheer folly." The
face mask and helmet have become integral parts of techniques
employed in blocking and tackling. As one investigator notes,
"...improved headgear makes it possible for a good tackier to
stop a runner cold with a head-on tackle." (184)

Recently, the National Football Alliance, realizing
the hazards of using the head in blocking and tackling,
implemented rules making illegal the techniques of butt
blocking and face tackling. Butt blocking is defined as
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"a technique involving a blow with the face mask, frontal
area, or top of the helmet, driven directly into an opponent
as the primary point of contact, either in close line play
or in the open field." (186) Face tackling is defined as
"driving the face mask, frontal area, or top of the helmet
directly into the runner." (186) The NCAA made similar rule
changes, making it illegal for a player to "deliberately use
his helmet to butt or ram an opponent" and to "intentionally
strike a runner with the crown or the top of his helmet." (37)

Because of these changes the hazards of serious neck
injuries in football may be substantially reduced. However,
rules have little effect unless they are enforced. According
to a recent publication published by the NFSHSA "it would
be difficult to remove head contact from all blocking and
tackling because such a rule would be so difficult to
administer that it would be unenforceable." (40)

Of greater consequence may be the positions adopted by
the American Football Coaches Association and the National
Athletic Trainers' Association "...opposing the use of
tackling and blocking techniques with the helmet and/or
face mask as the initial point of contact." (181, 30)

The effectiveness of these recent changes will have to
be demonstrated. Unfortunately, good historical baseline
data to aid such an analysis are limited.

d. Lower Leg Injuries (Knee)

The knee in sports is most susceptible to injury. To
some "the knee was not well designed"— its strength dependent
upon surrounding "large and strong muscles and strong
ligaments." (203) To others the "knee is remarkable in
its ability to encompass the two seemingly incompatible
properties of stability and mobility and in order to
accomplish this many subtle anatomic mechanisms are
necessary." (367, p. 52) Therefore, it is not surprising
that knee injuries account for the greatest proportion of
sports injuries.

That the injuries involving the knee pose a substantial
problem was suggested by Torg, et al. (230): "Each season
there are an estimated 100 000 to 130 000 (football) knee
injuries among professional, collegiate, scholastic, and
sandlot players, with 30 000 to 50 000 of these requiring
surgery .

"

Table 8 presents a summary of findings of recent reports
with respect to knee and ankle injuries. As indicated, the
knee in football is the most frequently injured body part,
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accounting for approximately one out of every five injuries.
Basketball, ice hockey, and baseball account for fewer knee
injuries. The inconsistency reported in the incidence of
ice hockey knee injuries shown by the Toronto study Q-8.1%)
compared to the results of studies by Reeves and Hayes
is probably due to the nature of that study. The Toronto
study is based on injury records and emphasizes a dynamic
activity over an extended period of time (1951-1969)

.

Knee and ankle injuries are both frequently occurring
injuries in skiing (lower leg injuries related to skiing
activities will be discussed in the next section) . Interestingly,
in instances where the knee does not account for the greatest
number of injuries, the ankle predominates. (The exception is
the ice hockey studies.)

A summary of lower leg injuries reported through NEISS 12

is shown in table 9. The knee and ankle are included in
one classif ication--lower leg. The results are comparable
to table 8. The lower leg is the most frequently injured
body part in sports. Ice hockey is the exception, here
head and facial injuries predominate.

Table 9. Projected number of lower leg injuries
annually incurred by the general populace based

on the NEISS sample

Sport activity

Average number
of lower leg... 3.

injuries per year
% of
Total

Most frequent
body part
injured

Football 74 321 23.9% yes
Basketball 105 427 41.2% yes
Baseball 66 653 24.5% yes
Snow skiing 47 754 58.5% yes
Gymnastics 8 587 23.6% yes
Trampoline 4 433 24.4% yes
Ice hockey 3 472 13.2% no

Total 310 647 31.5%

a) Derived by summing projections for each of four fiscal
years and dividing by four.

12 See appendix A.



According to the "National Football Injury Report— 1970"
(28) , knee injuries appear to be among the most severe injuries
"with a hospitalization rate of 14.5%" The overall hospital-
ization rate for that study was 6.5% of all injuries reported.

In Allen's study Cl) of Air Force football injuries,
30% of the 111 major injuries involved the knee. Thirteen
of these players required surgery.

In the "1976 Spring Football Injury Study," C15) Clarke
notes: "The knee definitely was the body part most frequently
receiving a significant injury." Significant injuries are
defined as "those causing absence for at least one week and/or
dental injuries."

Because the knee in sports is the most vulnerable joint
in the body, it has been studied by many researchers. Their
findings regarding factors contributing to knee injuries
can be divided into four groups:

i) susceptibility to injury,
ii) physical conditioning,

iii) previous injury, and
iv) shoe-turf interface.

i. Susceptibility to Injury. In a study of 139 profes-
sional football players, Nicholas (199), suggests there are
differences between athletes which account for various
injuries. He devised procedures to determine the looseness
or tightness of the body. These tests comprise the following
indices

:

• palms to floor, knees extended,
• knee recurvatum,
• rotation of the knee and ankle,
• rotation of the hip, and
• upper extremity laxity.

Thirty-nine professional football players out of 139 examined
had at least three indices of looseness, and of these 72%
ruptured their knee ligaments. Of the remaining 100 players
with two or less indices of looseness, 9% ruptured their
ligaments. In view of these findings, he concluded that,
"independent of many factors responsible for injury in
football, an increased likelihood of ligamentous rupture
of the knee occurred in loose jointed football players and
of muscle tears in tight jointed football players."
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In his paper, "Muscular Strength and the Knee" (197),
Klein notes that the "ligaments are responsible for
maintaining the integrity of the joint structure." He
reasons that, if these ligaments are loose "an increased
amount of torque results before the stretch reflex response
for muscle action, and the knee itself may try to prevent
abnormal movement." The high incidence of knee injuries
in high school football players he notes, occurs at a time
when ligaments are "more flexible because of the normal
pubertal growth pattern."

However, the findings of Godshall (268) do not agree
with those of Nicholas or Klein. In an 8-year study yielding
2800 examinations of high school athletes the author states
that "We certainly could not find any definite correlation
between loose- jointedness and major injuries in our patients."

ii. Physical Conditioning. Proper conditioning is
recognized by most to be a key factor in injury prevention
(206, 197, 367, 248). Allman (248) comments, "The proper
utilization of exercise is undoubtedly the single most
important factor for the prevention of sports injuries."
Sinton (206) agrees, and encourages year-round conditioning
of the leg musculature, as "the best method of preventing
knee and ankle injuries in athletes."

It is questionable that year-round conditioning programs
are adhered to. In their analysis of injuries reported
during the first three days of 1975 football practice,
Powell, Carey, and Clarke (31) note that "the advent of the
special rules for the first three days (of football practice)
may have lulled some athletes into neglecting a well rounded
preseason conditioning program...:" These "special rules"
limit the first three days of NCAA preseason football practice
to non-contact conditioning drills.

iii. Previous Injury. Studies have shown that players
with a history of injury sustain higher rates of re-injury.
The North Carolina study, for example, (9) shows injury
rates of 624 per 1000 for those with a history of injury
while only 437 per 1000 for those without a previous injury.
Of course, these rates include all types of injuries, not
only those involving the knee. Unfortunately, there are
no studies to show the effect of previous injury on the
incidence of knee injuries. However, the literature suggests
that athletes with a history of injury should concern them-
selves with proper rehabilitating conditioning (367, Ch. V)

(197); that bracing and taping is effective in preventing
re-injury (213, 203); that in certain instances individuals
with previous damage should be screened from competition (213)
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iv. Shoe-Turf Interface. The likelihood of a knee
or ankle injury increases as the foot becomes more rigidly
attached to the surface (209, 215, 25, 196, 8). In the
presence of torque resulting from upper trunk rotation or
a force applied to the lower extremity in a "plane other
than that of normal joint motion" (209), an injury may
occur

.

This problem has been studied by many and solutions
have emphasized cleat design. Hanley, in 1963, (196, 298),
introduced shoes with flat cleatless heels and shorter front
cleats. This was later modified by Smith and described by
Hi rata (196) as a cleat "somewhat oval in shape" and "lower
in profile." A swivel football shoe is discussed by Cameron
and Davis (191) . It features a "metallic forefoot turntable
within a molded sole which are mounted four football cleats."
The turntable is capable of rotating 360°. It also features
a cleatless heel "which contains a beveled notch."

Cleat configuration relative to injury rates has been
investigated by some studies. Such a study was conducted by
Torg and Quendenfeld (209) of two high school leagues (public
and Catholic leagues) in the Philadelphia area. All reported
injuries were examined by an orthopedic surgeon and graded
for severity. The public high school league consisted of
18 teams for a total of 594 players per season. The Catholic
league had 18 teams for a total of 704 players per season.
Players in both leagues wore conventional football shoes
having seven 3/4 inch (1.9 cm) cleats with tips 3/8 inch
(0.95 cm) in diameter 13 during the first year of the study
(1968 for the public league and 1969 for the Catholic league)

.

For subsequent years (1969, 70, 71), the players in the public
school league were required to wear "shoes with molded soles,
each containing fourteen 3/8 inch (0.95 cm) cleats for both
practice and games." Similarly, players in the Catholic
league, for the 1970 and 1971 seasons, were "required to
wear the soccer type shoe for both practice and games." All
games were played on natural turf and the authors assumed
that "any differences in the incidence and severity of knee
and ankle injuries were due to differences in shoe type and
cleat length.

"

In the first year, with the conventional shoe, the Catholic
league encountered 93 knee injuries and 72 ankle sprains. With
the soccer type shoe, the number of injuries declined to 38
knee injuries and 36 ankle sprains in 1970, and 35 knee injuries

1

3

The NCAA and NFSHSA now require shoes with a maximum cleat
length of 1/2 inch (1.27 cm) .
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and 39 ankle sprains in 1971. In addition, the authors
report "a decrease in the number of knee injuries requiring
surgery from 32 in 1969, to four in 1970, and five in 1971."

Shoe
In

j

Knee
ur ies

Ankle
Requiring

Surgery (knee)

Conventional (1969) 93 72 32
Soccer (1970) 38 36 4

Soccer (1971) 35 39 5

During 1968, 51 knee injuries were reported for the
public school league using the conventional shoe. During the
following years, with the required shoe the number of injuries
dropped to 24 in 1969, 30 in 1970, and 29 in 1971. The
number of cases where surgery was performed or indicated was
24 in 1968, 4 in 1969, 7 in 1970, and 2 in 1971.

Requiring
Shoe Knee injuries Surgery

Conventional (1968) 51 24
Soccer (1969) 24 4

Soccer (1970) 30 7

Soccer (1971) 29 2

The authors concluded "that the conventional football
shoe with seven long cleats is the major factor responsible
for the epidemic of knee injuries at all levels of organized
football." Further, they recommended the use of a soccer
type shoe with:

(1) synthetic molded soles,
(2) minimum of 14 cleats per shoe,
(3) 1/2 inch (1.27 cm) minimum cleat tip diameter, and
(4) 3/8 inch (0.95 cm) maximum cleat length.

A number of laboratory studies emphasize the need for
matching shoes with types of surfaces to minimize the risk
of lower extremity injuries. These tests attempt to describe
the traction typical of various shoe-surface combinations.

Torg, Quendenfeld, and Landau (210) attempted to quantify
the "shoe-surface interface release coefficient" for various
combinations. Their test device consisted of a prosthetic
foot for mounting shoes with different cleat types. Attached
to the prosthetic foot was a perpendicular rod with a torque
wrench attached to the opposite end. The shoe/surface could
be engaged to a prescribed load and torque applied. A
measurement could be taken directly from the torque wrench.
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On the basis of their "experience," they classified the
shoe-turf combinations as "not safe" if the release coefficient
exceeded 0.49 and "safe" if the release coefficient was less
than 0.31. The midpoint between these extremes was chosen
to define the two categories of "probably not safe" and
"probably safe."

The results of that study indicate that the conventional
football shoe with 1/2 inch Cl. 27 cm) cleats "required by
NCAA and NFSHSA is probably not safe on grass." In addition,
all shoes with exception of the 1/2 inch (1.27 cm) by 3/8 inch
(0.95 cm) soccer cleats tested on the Astroturf sample were
classified as "safe" or "probably safe" when tested on various
synthetic turf samples.

Two points should be noted in interpreting these results.
The criteria for classifying different types of shoe surface
combinations was established on the basis of their "experience.
It was assumed that conditions of the test, e.g., shoe position
and weight distributions, adequately simulated the actual
conditions when injuries occur.

A study by Bonstingel, Morehouse, and Niebel (215)
investigated the effects of shoe types and playing surfaces.
Their findings are in agreement with Torg ' s knee injury
statistics. However, their conclusions are tempered by
observations that the study was "only a simulation of what
occurs under actual playing conditions," and "that many knee
injuries are a result of positional vulnerability and could
occur regardless of the shoe or playing surface."

Unfortunately, until relationships between the shoe-
turf interface and the occurrence of injuries are more
thoroughly researched and injury threshold criteria are
established, the utility of such laboratory studies is
limited

.

From the preceding discussions the basis for mitigating
lower leg injuries is apparent or in some instances within
grasp through additional research. However, the real obstacle
may not lie in obtaining the solutions but in disseminating
the results to coaches, athletes, and administrators so that
the solutions will become routine practice. For example,
attempts to gain acceptance of specifications for "safe"
cleated or cleatless shoes will be met with resistance if
performance appears to be affected.
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e. Lower Extremity Equipment Related Skiing Injuries

Shealy (75) estimates that between 165 000 and 600 000
skiing injuries occur annually. The lower extremity is
involved in 60% to 70% of these injuries (62, 45, 59).
Typically ski injuries are sprains and fractures ( 62 . 45,
59). Factors of age, sex, skill, ability, physical condition,
slope conditions, crowds, equipment, equipment adjustment
and maintenance, and prior injury have been associated with
the occurrence of skiing injuries. Their ralative importance
is disputed. However, the role of equipment, specifically
the ski-boot-binding system, is considered to be one of the
most significant factors associated with the occurrence of
skiing injuries. Johnson, et al. (62) classified 44% of
the injuries investigated in their study as "lower extremity
equipment related" (LEER) injuries. Tapper and Moritz (78)
note of the injuries investigated during the 1971-72 season,
that "37% of those injured directly blamed malfunction
(release failure or premature release) of their bindings."

The ski bindings function is twofold: (1) it serves to
couple the skier to his skis, and (2) in the event of an
accident, allows the skier and skis to separate before the
forces "exceed the failure loads of the leg." (48, 56)

Ski bindings according to Shealy, et al. (75) employ
the same basic mechanical design— "a spring loaded cam or
lever detent. The cam or lever requires some predetermined
force to be displaced; once the displacement exceeds the
detent value, the spring ceases to exert any retentive force."
The differences in bindings lie in the application of this
principle

.

' Should the binding fail in its first function, the
phenomenon is known as "inadvertent release." Shealy, et al.
(75) found the advanced skier was encountering a large number
of upper extremity injuries relative to the intermediate and
beginner classes. These injuries, they suggest, "are typical
of what one would expect from what is known as an inadvertent
release," and estimate perhaps as much as one-third of the
skiing population is at risk.

Should the binding not release in the event of a fall,
the ski acts as a "lever in twist," "as a lever in bending,"
or as both "a lever in twist and bending." (62) The result
may be a knee or ankle sprain, or a fracture of the tibia,
ankle, or fibula (62, 47, 65).
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Some binding types are apparently more effective than
others in protecting the lower leg. This was pointed out by
Shealy, et al. (75) They classified bindings as:

(1) cable bindings (used by approximately 9% of the
study population)

,

(2) bindings with "two release modes" (54% of the
population)

,

(3) bindings with "more than two release modes" (14%
of the population)

.

The cable release binding consists of a "forward throw-handle"
which pulls the cable snug over the heel of the boot, forcing
the boot forward into the "toe piece" of the binding. The
two release modes bindings enable the release of the toe in
a "twisting fall" preventing "torsion at the tibia," and an
upper release in a forward fall preventing a "levered break
of the tibia." The third category of bindings is simply
described as bindings that release in other ways, e.g., an
upward or rolling release at the toe.

The resulting overall accident rates per 1000 man-ski-
days were 13.07 for cable bindings, 8.60 for two-release
modes bindings, and 6.75 for those with more than two release
modes

.

Their analyses suggested that "the more-than-two release
mode binding is superior, for every skill level except
beginner, where there is no apparent advantage over the
two-release mode binding.

"

That bindings perform to their theoretical potential
is dependent upon many factors. These factors can be grouped
as follows:

i) binding release settings,
ii) friction, and

iii) environmental factors.

i. Binding Release Settings. Ski binding release
settings are based upon skier parameters of age, weight,
sex, ability, and proximal tibia width (352, p. 221) (56).
In practice, weight and ability are the two principal
parameters. A study by Johnson, et al. (62) examined
binding release settings of injured and non-in jured skiers.
They found the average setting exceeded the recommended value
by 45% for the uninjured group. The average setting of the
injured groups exceeded the recommended value by as much as
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85%--85% for the LEER injuries of a flexural nature,
75% for the LEER injuries produced by torque, and 55% for
all other injuries.

A release setting too high negates the release protection
afforded by the binding. Conversely, a low release setting
could permit the binding to release prematurely. However, it
is questionable whether release settings adequately indicate
the value at which release occurs. Bahniuk, et al., (47) in
laboratory conditions, tested seven bindings previously
"set in the pure torsion mode (toe release) at approximately
58 newton meters." When a load was applied to the ski, the
torques required for release varied up to 104 newton-meters

.

It is interesting to note that Johnson, et al. (62)
found that the skier "who more recently has adjusted and
tested his bindings for release and who has more recently
had his equipment set up for release by a ski shop professional"
was more often found in the group with lower extremity injuries
than in the control group of uninjured skiers. Similar
findings were reported by Young, et al. (83)

ii. Friction. The binding's ability to function
properly can be affected by friction between the top of
the ski and boot sole (68, 62, 74) . This force depends on
the weight of the skier and effective coefficient of friction
between the boot sole and ski surface. Friction can be
reduced by placing a pad or lubricant between the ski top
and boot sole. Material for this pad, called an anti-
friction device (AFD) , can be metal, plastic, polyethylene,
teflon, or a mechanical device.

The efficacy of these devices has been demonstrated
by Johnson, et al. (62) Particularly effective were the
teflon and mechanical devices. Laboratory studies by
Bahniuk, et al. (48, 64) support these findings.

iii. Environment. The effects of environmental factors
on "the efficacy of modern ski bindings" was the subject of
a clinical study by Bahniuk and Izant (47)

.

That study
was designed to measure changes in release values after the
bindings were exposed to different simulated environmental
conditions. These conditions included an initial, test to
determine the baseline release value followed by exposure
to vibration, use, salt, ice, and dirt.

A number of weaknesses in the test procedures limit
conclusions based on the results. For example, although
each of the seven bindings was set to release at 58 newton-
meters (toe-release) in the "pure torsion mode," the baseline
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release value obtained in the initial test varied up to 104
newton-meters. The accumulated effects of exposure were
discounted. The simulated tibia, according to the authors,
did not possess the same mechanical properties as the human
tibia

.

However, the results of the study provide some important
observations. Each of the seven bindings was affected
differently by the tests. For example, the second and most
severe "dirt test" caused a 16% decrease in the "maximum
torsional moment at release" in one binding and a 30% increase
in another.

The ice test adversely affected all bindings. Each
binding was tested after exposure to water spray and
temperatures of 5°C for 48 hours. When tested, the increase
in the "maximum torsional moment at release" varied from 56%
in one binding to 270% in another. When compared to the
"tibia failure criteria" suggested by the authors, each
of the bindings exceeded the failure criteria.

The study of environmental factors under actual conditions
has received little attention. However, Johnson, et al. (62)
observed that corrosion of the binding mechanism and improper
lubrication of the binding was more frequently found in
the group encountering "lower extremity equipment related
injuries" than in a control population of uninjured skiers.

The "typical fracture" found in skiing injuries has
risen from the area of ankle to the lower third of the
tibia (52, 78, 56). This shift has been attributed to
the modern rigid ski boot.

A ski boot, according to Bahniuk, et al. (49), is a
mechanical device coupling the ski-boot-binding system and
foot of the skier. The modern boot is a hard, rigid or
hinged, plastic boot which functions in two ways to prevent
injury. First, the boot enables a skier "to control his skis
and thus avoid a fall" and subsequent possibility of injury.
Second, if a fall should occur, the boot can absorb energy
and thus prevent or reduce injury. In their clinical study
of ten boots (one leather and nine versions of the plastic
type)

,

they concluded that the ability of a boot to absorb
energy is inversely correlated with the boot's stiffness.
Hence, the potential for injury appears to be greater for
the stiffer boot.

However, the stiffer boot enables the skier to be more
closely coupled to his skis, thereby providing the potential
for increased controllability and, as a result, decreasing
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the number of falls. On the basis of that study, it is

impossible to "assess the relative importance of energy
absorption and boot stiffness."

The population of recreational skiers is not typified
by the properly conditioned athlete. As such, recreational
skiers rely primarily upon their equipment for protection
against lower extremity injuries. This equipment, in
laboratory conditions, performs with a great deal of varia-
bility. In actual use conditions, reliability is influenced
by the interactions of several variables of which little
has been documented. Many skiers are skiing with improperly
adjusted bindings, evidenced by the number of skiers reported
by Johnson (62) and Young (83) who had their bindings
adjusted just prior to encountering a lower extremity injury.

In summary, the literature suggests several discrepancies
relative to the occurrence of lower extremity ski injuries.
Procedures for testing the ski-boot-binding system are not
optimal, performance criteria have not been established,
guidelines are needed to aid in properly adjusting bindings,
and finally, the skier must be educated in equipment
maintenance

.

f. Natural versus Synthetic Playing Surfaces

The safety issue concerning natural versus synthetic
playing surfaces has been controversial since synthetic
surfaces were first introduced. It has stirred the interest
of manufacturers, players, sport safety researchers and,
during 1971 and 1972, was a subject before the Congressional
Subcommittee on Commerce and Finance (226). More recently
the National Football League Players Association petitioned
the Consumer Product Safety Commission to, "...commence a
proceeding to issue a consumer product safety rule for
synthetic turf used as a surface cover for athletic playing
fields." (238, 237) Those petitions were subsequently denied.

Among the first studies to investigate possible differences
in injury rates on natural and synthetic surfaces was the
"National Football Injury Study--1970" by Martin, et al. (28)
The intent of that study was to provide national data at
the college level on the incidence and causes of football
injuries. Data were drawn from 40 schools participating in
National Collegiate Athletic Association (NCAA) football
during the 1970 season. However, the report is plagued by
what the authors refer to as "some confusion as to what
constituted a reportable injury," thereby limiting the
reliability of these data.
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There were 2782 injuries reported and classified according
to three degrees of severity: "Active Participation" (injuries
without time lost from participation) ; "Partial Participation"
(injuries with time lost from games or practice) ; and
"Hospitalized." Game injuries accounted for 1178 injuries.
Table 10 shows the distribution of these injuries by severity
and the type of playing surface associated with each injury.

Table 10. Severity versus type of surface - incidence
per game (Martin, et al. (28))

Partial Active
Surface Hospitalized Participation Participation Combined

Grass 0.19 1.58 0.96 2.73
Turf A 0.27 1.70 0.66° 2.63
Turf B 0.17 1 • 24

b
1.10,
1.46

d
2.51

Turf C 0.15 3. 15
b

4.76

a) Turf designations were taken from Martin's report.
b) Significant: p < .01 Chi-square.
c) Significant: p < .05 Chi-square.
d) Significant: p < .10 Chi-square.

One by two Chi-square analysis to determine the statistical
significance of injury rates (injuries per game) associated
with synthetic surfaces compared to grass, shows that "Active
Participation" injuries associated with Turf A 14 to be
significantly lower than the rate associated with grass.
The rate of "Active" and "Partial Participation" injuries
associated with Turf C significantly exceeded that of
grass. The difference in rates between Turf B and grass
are not significant. Finally, the rates of "Hospitalized"
injuries do not differ significantly between grass and
synthetic surfaces. However, only 2 "Hospitalized" injuries
were reported for Turf C.

Another study, of the 1970 football season was conducted
by Bramwell, Requa, and Garrick (223). The principal
objective of that study was to determine if any differences
existed in injury rates sustained on synthetic and natural
surfaces at the high school level. Their study included
26 high schools in the greater Seattle area. These schools
participated in 228 games: 80 games played on 1 artificial
surface and 148 on 12 different grass fields.

1

4

Tur f A, B, and C were designations used by Martin (28) for
the three brands of synthetic surfaces.
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An injury was defined as one "that resulted in not
finishing a game and/or missing 2 or more subsequent
practices and/or any subsequent game or games." Injuries
resulting in 2 or more missed games were considered severe.
Table 11 shows the rates of injuries and severe injuries
for the two types of surfaces. There were 139 injuries
reported, yielding overall injury rates of 0.52 injuries
per game on grass fields and 0.76 injuries per game on the
synthetic surface. The higher rate on the synthetic
surface was statistically significant (p < .05 Chi-square).

Table 11. Injuries versus type of surface - incidence
per game - 1970 (Bramwell, Requa , and Garrick (223))

"Severe"
Surface Injury rate Injury rate

Grass 0.52 0.18
Synthetic 0.76

a
0.24

a) Significant: p < .05 Chi-squares.

Of the 139 injuries, 32.4% were classified as serious.
The overall serious injury rate for the synthetic surface
was 0.24 injuries per game and 0.18 injuries per game for
grass fields. This difference was not statistically
significant

.

The second year of the study by Adkison, Requa, and
Garrick (214) was expanded to ".include participation on
additional brands and generations of synthetic turf as well
as additional games played on grass." That portion of the
study included 73 high schools in the Seattle and Spokane,
Washington, and Portland, Oregon, areas. The playing surfaces
studied consisted of "over 50 different grass fields" and
four synthetic surfaces—one three-year-old Tartan Turf and
"two generations" (3 fields) of Astroturf.

Results for the second year are provided in table 12
and show Astroturf to be associated with a significantly
higher injury rate. Tartan Turf, however, is associated
with a significantly lower injury rate.
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Table 12. Injuries versus type of surface - incidence
per game - 1971 (Adkison, Requa , and Garrick (214))

Surface
Injuries
per game

Severe
injuries per game

Grass
Astroturf
Tartan Turf

0.51
0.63
0.28'

0.19
0.25
0.17

a) Significant: p < .05 Chi-square.
b) Significant: p < . 10 Chi-square.

Severe injuries were defined as those resulting in a
"player missing two or more subsequent games." The pattern
of severe injury rates is similar to that of all injuries.
However, these differences are not statistically significant.

If the injury rates for synthetic surfaces are considered
in aggregate, the resulting injury rate is 0.55 injuries per
game and does not differ significantly from that of grass at
0.51 injuries per game. This difference, as pointed out by
authors, "underscores the fallacy of considering all brands
of synthetic turf in aggregate when comparing their safety
characteristics to grass."

Extending the results of the preceding studies to the
population of synthetic and natural surfaces must be based
on the assumption that factors other than the type of surface
contribute negligibly to the results. That this is a valid
assumption is questionable. For example, in the latter
study by Adkison, Requa, and Garrick (214), the differences
in injury rates between the three Astroturf surfaces were
greater than the differences in rates between grass, Tartan
Turf, and the aggregate rate for Astroturf (see table 13).
Differences in rates between Astroturfs A and B, and B and C
are statistically significant (p < .05 Chi-square).

Table 13. Injury rates for grass and four synthetic
surfaces - incidence per game - 1971
(Adkison, Requa, and Garrick (214))

Surface Incidence per game

Grass-

Astroturf
A-

B-

C-

Tartan Turf-

0.71
0.37-
0.81

0.51

0.63

0.28
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As another example that the assumption of uniformity
among surfaces of a particular type may be invalid, consider
the study of high school football injuries by Blyth and
Mueller (9)

.

To remove the possibility that field conditions
were influencing rates of knee and ankle injuries, 9 of the 43
study schools were randomly selected and "their game and
practice fields were completely resurfaced and maintained
in good condition for the final two years of the study,
1971-72." Table 14 provides the injury rates (knee and
ankle only) for the two groups. As indicated by the
differences in these rates, knee and ankle injury rates
are, in part, determined by the condition of the playing
field

.

Table 14. Knee and ankle injury rates for schools with
fields resurfaced and maintained and those with no

change - 1971-1972 (Blyth and Mueller (9) Table LXXIII)

Significant: p < .01 Chi-square.

That possible differences within a class of surfaces
affect the results of comparative studies of synthetic and
natural surfaces is apparent, however, the extent of this
influence is not so obvious.

One comparative study where variability in field
conditions is expected to be at a minimum is the ' multi-year
National Football League Injury Study conducted by the
Standard Research Institute (SRI) (23, 24, 25). The most
recent of three reports emphasizes the 1974 professional
football season. Two earlier reports cover the period
from 1969 to 1973.

The analysis of "turf injuries" is "separated into
gradients of injury severity":

Frequency - [Gradient 1: Incidence of injury

Schccls
Percent of

Injury rate population

Fields resurfaced and maintained
Schools with no change

0.142
0.213

19.1
80.9

Severity

Gradient 2: Incidence of re-injury
Gradient 3: Injuries causing two or more

missed games
Gradient 4: Injuries requiring

hospitalization
Gradient 5: Injuries requiring surgery
Gradient 6: Third degree injuries

II [Gradient 0:

- 48 -

Punishment Playable injuries



The first of these gradients, the incidence of injury
associated with playing on synthetic surfaces and natural
turf for 1970-1974, is provided in the 1974 NFL report.
A comparison of this result and those of the two previous
NFL studies is provided in table 15. As the NFL data indicate,
the three types of synthetic surfaces have consistently been
associated with higher accumulated rates (incidence per game)
of injury than natural turf. After five seasons of data,
the differences in rates beween each type of synthetic surface
and natural turf is statistically significant.

Table 15. Frequency of injury versus turf as reported
in the three NFL studies

Incidence per game

Tur f
a 1970-72 b 1970-73° Turf 1970-74 d

Natural A 2.0 2.08 Natural 2.23

2.2 2.28 Poly 2.53 g

„ p „ ™f „ _ f
Synthetic B

2
2 .

8

2 . 89 Tartan 3.05

B
3

2.

8

e
2 . 77

f
Astro 2. 93

f

a) The first two NFL injury reports designates playing surfaces
as A, B^, B

2
, and B^

.

b) Figure 33 of the 1972 NFL study (23).
c) Table 15 of the 1973 NFL study (24).
d) Table 27 of the 1974 NFL study (25).
e) Significant (computed by SRI)

.

f) Significant at the .001 level (computed by SRI)

g) Significant at the .05 level (computed by SRI).

Gradients 2 through 7 are all measures of major 15 or
serious injuries. Gradient 2 is included because the report
notes that "reinjuries were more severe than new injuries
(in terms of recovery rates)." When minor injuries are excluded,
which is the case in table 16, only the incidence of third
degree injuries per game (Gradient 6) associated with Tartan
Turf is significantly greater than that recorded for natural
turf. In fact, only those rates associated with Tartan Turf
suggest a pattern of greater rates than those of natural turf.

1

5

A major injury is defined "as one causing two or more
missed games."
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Table 16. Summary of injuries per game for Gradient 2

through 7 versus various surfaces

Turf Gradient

:

2

1970
3

Incidence per
-1974

4 5

game
1973-

6

1974
7

Natural 0.36 1.00 0.37 0.29 0.33 0.37
Poly 0.31 0.97 0.29 0.25 0.35 0.45
Tartan 0.45 1.04 0.40 0.25 0. 55

a
0.49

Astro 0,35 0.94 0.44 0.29 0.40 0.36

a) Significant at the .05 level (computed by SRI).

Also included in that study is an analysis of "playable"
injuries (gradient zero) which are not considered an injury as
defined in the NFL study. Data for these rates "were collected
in logs by NFL medical personnel after each of the 20 games
played during 1973 and 1974." The rates for each type of
playing surface are presented in table 17. As indicated,
synthetic surfaces were associated with significantly greater
rates of playable injuries than those recorded on natural
surfaces

.

Table 17. NFL "Playable

Turf

Natural
Poly
Tartan
Astro

injuries versus turf 1973-74

Incidence per game

5.60
7. 56

a

6 . 4 6
b

7. 75
a

a) Significant at the .001 level (computed by SRI).
b) Significant at the .01 level (computed by SRI).

Previously it was mentioned that basic differences in
generic classes of surfaces limit the reliability of many
comparative studies of playing surfaces and that these
differences may be at a minimum with fields used by the NFL.
However, in the NFL study the question also arises concerning
the appropriateness of comparing each generic class of
synthetic surface with natural turf. Synthetic surfaces of
a particular brand will have different characteristics if
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some are football fields and some are converted baseball
fields , because , as stated in the 1974 NFL study, "a football
field is crowned or peaked in the center and supposedly,
has better drainage, converted baseball fields have more
obstructions in that pitchers mounds, base paths, and the
like, must be converted; the synthetic baseball fields also
have different shock pads (to make the ball livelier) than
those on football fields." These differences were only
superficially analyzed in the report. However, differences
are apparent as shown in table 18. When converted baseball
fields are excluded, the differences between natural and
synthetic surfaces do not appear to be great, but no
mention is made of statistical significance. 16

Table 18. NFL injuries on turf versus field types
1973-74 (incidence per game)

Converted
Turf Football fields baseball fields

1973
Natural 1.73 1.65
Synthetic 1.84 2.43

1974
Natural 2.23 1.97
Synthetic 2.57 3.00

The results of the NFL studies show significantly more
NFL injuries have been recorded per game played on each of
three synthetic surfaces over the five seasons between 1970
and 1974. The differences in injury rates are primarily
due to the incidence of minor injuries, since each measure
of severity (Gradient 2 through 7) shows no significant
differences exist, with exception of third degree injuries
(Gradient 6 versus Tartan Turf) , between natural turf and
each of the three synthetic surfaces. The significant
differences in "playable" injuries tends to support the
predominance of minor injuries occurring on synthetic
surfaces

.

In general, the findings of natural/synthetic surface
studies suggest that synthetic surfaces are associated with
higher rates of injury when compared to rates associated
with natural surfaces. However, these results cannot be

16 It is impossible to compute the statistical significance
of these differences using the data presented in the study.
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extended to show that a particular type of turf is a cause
of injury. At most, they indicate that the type of turf
is a parameter in an unspecified set of elements which may
be responsible for different rates of injury. It may well
be that one turf brings together elements of equipment,
personnel, environmental factors, styles of play, and other
unknowns, which ultimately contribute to different rates of
injury (e.g., football versus converted baseball fields,
cleat selection versus type of turf, physical changes due
to aging of surfaces and underpads, etc.).

If questions concerning safety implications of playing
surfaces are to be answered on the basis of turf related
studies, additional data are required. These studies must
incorporate controls to account for the many factors
influencing the incidence and severity of turf related
injuries.

3.4 Rules and Standards Activity

The recent decisions by the National Federation of
State High School Associations (NFSHSA) and the National
Collegiate Athletic Association (NCAA) to incorporate a
rule change intended to eliminate the use of the head as
the initial point of contact in blocking and tackling promises
to be a significant step in reducing the number of serious
football injuries. More important may be the positions
taken by the National Athletic Trainer's Association (181)
"opposing the use of tackling and blocking techniques with
the helmet and/or face mask as the initial point of contact,"
and that taken by the American Football Coaches Association
to discourage the teaching of head tackling and blocking (186).

The incorporation, enforcement, and effectiveness of
rules and rule changes targeted for enhancing participant
safety is an area that could be explored further. As a study
entity, it has not been emphasized. However, there are
indications that organized competition at the college level
and below is becoming more regulated in the use of specific
items of protective equipment. The NCAA Football Rules
(37, p. FR-16 ) require all players to wear knee pads, head
protectors, shoulder pads, and mouth protectors. Four point
chin straps were mandatory in 1976 and all helmets used in
1978 must comply with the National Operating Committee on
Standards for Athletic Equipment (NOCSAE) standard. Further,
the rules prohibit the use of certain equipment such as shoe
cleats more than 1/2 inch (1.27 cm) in length or exceeding
a specified minimum cleat diameter.
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The NCAA Baseball Rules (101, p. BA-14) require players
to wear protective helmets (double ear flap helmet preferably)
while batting and running the bases.

The NCAA Hockey Rules (114, pp. IH-9-10) require goal-
keepers to wear protective face masks. All players must
wear dental guards and head guards with chin straps fastened.
Skates must be equipped with approved safety heel tips.

The NCAA Basketball Rules (126, p. BR-56) include recom-
mendations for court specifications, padding for back boards,
and lighting.

The NCAA Gymnastic Rules (125, pp. CY-5-14) contain
dimensions and safety specifications for the pommel horse,
rings, vaulting board, parallel bars, horizontal bar, and
mat dimensions and placement.

Some schools have minimum medical qualifications for
participation (140, 66) or incorporate other safety procedures
in attempting to reduce the risk of participating in sports.
One such experiment (306) was conducted in New York State
where "junior high football rules were changed to eliminate
the kickoff, deflate the ball to a lower pressure, and allow
coaches to point out dangerous practices to officials at
any time." They claim to have reduced their injury rate by
almost 100%.

Also in New York, there is an ongoing experiment based
upon what is called the Selection Classification Age Maturity
Program (SCAM) "aimed at grouping athletes (ages 12-19) on
the basis of physical fitness, skills and physical maturity"
(267) in hopes of reducing injury to participants in sports.
The usual mechanism for grouping athletes is by chronological
age and sometimes also by weight.

There are two principal groups in the U.S. currently
involved with developing standards for athletic equipment:
NOCSAE and the American Society for Testing and Materials
( ASTM) Committee F-8 on Protective Equipment for Sports.

NOCSAE, formed in 1969 "for the purpose of making
competitive sports (147) , as free from injury as possible
through protective equipment standards" has developed a

method and requirements for testing football helmets (348)

.

As of August 10, 1976, "93 helmet models have passed the
NOCSAE football helmet standard." (327) A preliminary
baseball batting helmet standard may be the second NOCSAE
standard (329)

.

In addition this group is conducting
preliminary studies on ice hockey protective headgear and
soft-shell football helmets (330)

.
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In June 1969, ASTM entered the sports field, according
to Hale (270) , because of the number of participants seriously
injured "owing to the lack or the inadequacy of protective
equipment." In the Committee's seven years of existence,
they have produced two standards:

1. Designation: F381-74 Standard Consumer Safety
Specification for Components, Assembly, and Use
of a Trampoline.

2. Designation: F355-72 Standard Method of Test for
Shock Absorbing Properties of Playing Surface Systems.

A number of standards are currently in various stages of
development. These include proposed standards for football
and hockey helmets, knee pads for football, mouth protectors
for all contact sports, and eye and face protection for
forwards and defensemen in hockey. The Skiing Safety Sub-
committee is developing standards for determining the
longitudinal and torsional stiffness of Alpine skis, and a
standard for measuring the static release moments of adult
ski bindings.

The American National Standards Institute (ANSI) has
also been engaged in sports standards activities. They
approved a standard entitled "American National Standard
Safety Requirements for Aerial Passenger Tramways," designated
ANSI B77. 1-1973. This standard includes provisions for
tramways, lifts, and tows used in ski areas. (These devices
are under the jurisdiction of the U.S. Forest Service in
those instances where the ski site is built on land designated
as part of the national forest.. There are 129 such sites in
the U.S.) 17

A number of groups have been involved with developing
standards for helmets in general. These standards are the
forerunners of standards for helmets in sports and include:
The ANSI Z-90. 1-1966 and a revision Z-90. 1-1971 which address
safety helmets; the Snell Memorial Foundation 1968 and 1970
standards; a number of military specifications for aviators
helmets; and a number of foreign standards including:

(British) BSI 2011 1956 (motorcycle helmets

)

BSI 1869 1960 (motorcycle helmets

)

(Canadian) CSA D230 1970 (motorcycle helmets

)

(Australian) AS E33 1968 (motorcycle helmets

)

AS E43 1968 (motorcycle helmets

)

(New Zealand) - NZS 1214 1969 (motorcycle helmets

)

17 Telephone conversation with Mr. P. Wingelman

,

U.S. Forest
Service, March 1976. -54-



The International Organization for Standardization (ISO) has
issued a standard on helmets for "road users" designated
ISO/R 1511-1970. ISO has also issued standards for gymnastic
equipment

:

ISO/R 378-1964 (E)

ISO/R 379-1964 (E)

ISO/R 380-1964 (E)

ISO/R 381-1964 (E)

ISO/R 382-1964 (E)

Parallel Bars
Horizontal Bars
Rings
Vaulting Horse and Pommel Horse
Balancing Beam

However, these standards primarily address equipment dimensions
and specifications. ISO is also developing a standard on ski
boots (75)

.

4. CONCLUSIONS AND RECOMMENDATIONS

• Expand data collection activities based upon a systems
concept

.

From the preceding discussion it is evident that
risks in sports cannot be quantified on the basis of existing
data. The published literature provides an incomplete and
inconsistent assessment of the risks associated with sports.
Some activities (baseball, basketball, and gymnastics)
account for a great number of hospital emergency room
injuries, but have rarely been the subject of injury
research.

The assessment of risks for a particular sport and
population of participants must include more than an
analysis of the occurrence of injury. The assessment
must also include measures of severity, immediate
diagnosis, and long term effects of injuries.

Furthermore, risks can be altered. Consequently,
the analysis must include provisions for addressing
factors which might potentially influence risks. These
factors include supervision, officiating, physiological
characteristics of participants, conditioning, experience,
ability, skill, facilities, protective equipment, the
environment, and use and fit of protective equipment.
The relationships among these factors and their specific
roles in influencing injury must be quantified. Data
collection activities based upon the systems concept
must be expanded. Otherwise, as noted by Fraser "...we
cannot even verge on the optimal in recreational system
safety. " (.266

)
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Expansion of data collection activities does
not necessarily require development of data collection
methods. For example, the National Athletic Injury/
Illness Reporting System (NAIRS) , when fully implemented,
may provide injury data related to a variety of sports
activities

.

• Encourage development of standardized terminology applicable
to sports research.

The results of most sport injury investigations are
not compatible because of the use of nonuniform terminology.
For example: What is an injury? Sports injury studies
employ a variety of definitions comprising various
intervals of lost participation time, need or perceived
need for professional treatment, specific kinds of
trauma regardless of lost participation time, or
incidents resulting in insurance claims. Similar
variations are observable in definitions of injury
severity. The formulation of standardized terminology
applicable to sports research should be encouraged.

• Determine the feasibility of an institute to initiate and
coordinate sport injury research and to disseminate results
to the athletic community.

In recognition of the fragmented approaches to
football injury research, the lack of injury research
in other athletic activities, and the futility of most
research efforts, Blyth and Mueller in their report of
1972 (9), recommended the establishment "of a 'Sports
Trauma Institute' through which efforts could be made
to coordinate research ventures, provide adequate medical
specialist consultation, and disseminate research findings
to the athletic community. " The concept of a "Sports
Trauma Institute" was also suggested by Grippo (25).
Although Grippo' s recommendation is limited to a "safety
committee" within the National Football League, it serves
to emphasize the desire and need for centralized control
to initiate, coordinate, and monitor research activities
over a complex base of sports safety issues.

At the Second National Conference on Sports Safety,
October 1976, the need for such an organization was
again emphasized. This "Umbrella Organization" would
be entrusted with establishing priorities, coordinating
research activities, and disseminating information to the
athletic community.
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Millions of injuries occur annually as a result
of recreational and competitive sports activities.
Research has been sporadic, producing results of
limited value. The concept of a "Sports Trauma Institute"
to initiate and coordinate research activities and
disseminate the results to the athletic community
appears to be a logical alternative to attaining the
optimum in sports safety. The CPSC should jointly
explore the feasibility of establishing such an
institute

.

• Improve the surveillance capabilities of NEISS.

The NEISS system is a surveillance tool intended to
serve "...as a springboard for action to combat product-
related injuries." (325) Currently, the system provides
data which are manipulated to form the Age Adjusted
Frequency Severity Index (AFSI) . Many categories of
the general class "Sports and Recreational Equipment"
rank high on this index. However, because each sport-
related product category includes a broad base of
activities (e.g.. Basketball Activity and Related
Equipment—Product Code (PC-1205), the nature of specific
injury problems cannot be identified. Consequently,
the ability to plan and implement injury prevention
programs is reduced. Efforts to limit the scope of
some categories is evident by the inclusion of single
product categories (e.g., Ice Skates--PC-1245) . However,
this results in ambiguous categories (e.g., Ice Hockey
and Related Equipment--PC-1279 and Ice Skates--PC-124 5 )

.

A second function of NEISS is to provide surveillance
data for measuring the success or failure, of programs
to reduce the frequency and severity of injuries. Many
sport-related categories, because of their broad scope,
may be insensitive to changes in injury patterns resulting
from injury prevention programs, or it may be impossible
to associate effective programs with identifiable changes
(e.g., consider the decline in projected number of

ice hockey injuries from FY 75 to FY 76. Is this the

result of an effective program or due to a decline in

the number of participants (or exposures))?

To improve the surveillance capabilities of NEISS,

the "Sport and Recreational Equipment" categories should

be reviewed and appropriately altered to correct

ambiguities and the lack of specificity. Additionally,

if NEISS is to provide useful surveillance data a common

unit of exposure must be incorporated and measured.
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• Stimulate research to resolve the controversy and problems
with helmet test procedures.

Documented reports indicate that head injuries are
associated with most sports fatalities. Many fatalities
could possibly be prevented with adequate head protection.
Standards groups are active in developing helmet standards.
The NOCSAE standard has been recognized by the two
organizations (NCAA and NFSHSA) representing the majority
of participants in organized football, in effect making
NOCSAE approved helmets compulsory items in the near
future. A youth headform has been developed, and these
helmet designs are being tested. Further, the NCAA
and NFSHSA have passed rule changes which are intended
to reduce the potential for serious head and neck injury.
The impact that these developments will have on serious
head injury remains to be evaluated.

Also, the ASTM standard for testing helmets will
soon be available. At that time, both manufacturer
and those professionally involved will have to choose
the method which better reflects their respective needs.
This becomes an inconsequential decision if both methods
are equally valid. However, there exists considerable
controversy regarding the differences between the two
methods. Recent tests, in which NBS participated (129,
130, 131), indicate the existence of "substantial
differences in the measured values of maximum accelerations
transmitted to the head-form when using the NOCSAE and
ASTM test systems" and "poor correlation between the two
test methods." The apparent controversy concerning the
appropriateness of drop test methods and derived injury
tolerance criteria relative to conditions encountered
in a playing field environment can be resolved only
through additional research. Finally, the useful
certification period of certified helmets remains to
be determined.

The implication that these issues have on participant
safety is a matter of speculation. Historical data are
not adequate to serve as baseline data for comparative
studies intended to resolve conflicting views. Only by
stimulating and encouraging research to assess these
issues directly will the optimum in head protection be
realized. Such research may have considerable value in
developing head protection standards for other sports.
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• Determine the potential and alternatives for promulgating
hockey face guard standards.

Over 40% of the projected emergency room injuries
(FY 76) related to ice hockey activities involve some
part of the face.

ASTM is developing a standard for eye and face
protection for hockey players. NOCSAE has conducted
tests on ice hockey protective headgear "in order to
establish conclusive data for the formation of a
safety standard." (330) The potential and alternatives
for promulgating these standards should be considered.

• Stimulate research to reinforce theories pertainig to
knee injury prevention and provide for disseminating results
to the athletic community.

The knee is the most frequently injured body part
in sports. The most damaging of these is an injury
involving the surrounding ligaments. The literature
suggest that the extent of knee injuries could be
minimized through

1. proper conditioning programs,

2. in certain instances screening individuals
with a previous injury or those susceptible
to injury, and

3. selecting the best combinations of shoe, cleats,
and surface to minimize the chance of injury
resulting from cleat/surface "lock-up."

Research needed to reinforce these concepts and
obtain an efficient method of disseminating the results
(of other sports injury research as well) to coaches,
administrators, athletes, trainers and physicians
should be encouraged.

• Allocate resources to areas of ski-boot-binding testing,
adjusting, maintenance, and establish equipment performance
criteria

.

Fractures, sprains, and strains of the lower leg
are typical snow skiing injuries. Such injuries have
been associated with release failure of the binding
system. Injuries have also been attributed to premature

binding releases.
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Conditioning programs are usually routine to
athletes engaged in competitive activities. Thus, these
athletes avoid many injuries. The recreational skier,
however, usually does not have access to formal condi-
tioning programs. As such, recreational skiers depend
on their equipment for protection against injury. The
bindings' ability to afford this protection is influenced
by friction, release setting, environmental factors,
corrosion and type of binding.

The literature suggests four tasks to reduce the
risks associated with recreational skiing.

1. Develop guidelines to aid proper binding
adjustments

.

2. Educate the skier on the importance and
procedures for proper equipment maintenance.

3. Improve procedures for testing the ski-boot-
binding system.

4. Establish minimum equipment performance criteria.

• Determine the feasibility of establishing a ski-boot-
binding safety performance standard.

The ASTM Subcommittee on Skiing is developing standards
for skis and binding mountings. Currently, a binding
safety performance standard is not included. The
feasibility of developing a safety performance standard
on bindings, or possibly the ski-boot-binding system
should be evaluated.

The preceding recommendations constitute a set of first
priority tasks for reducing the incidence and severity of
sports related injuries. These recommendations address only
a small set of potential hazards in sports. There are
indications that different types of playing surfaces are
associated with different rates of football injuries. The
trunk, shoulder, and hands were shown to be frequently injured
in football. According to NEISS, basketball and baseball
activities pose as great a problem, in terms of numbers of
injuries, as football. However, in view of study constraints,
the absence of information precludes consideration of these
and other aspects as priority sports safety issues.

Several organizations are committed to pursuing safer
participation in sports. Some are actively engaged in tasks
related to the preceding recommendations. Coordinating with
these groups would minimize redundant efforts and ally
substantial resources.
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Appendix A. Projected Number of Hospital Emergency
Room Treated Injuries

These projections are based on the National Electronic
Injury Surveillance System data collected from 119 hospitals
from July 1972 through June 1976. Projections are derived
by multiplying the number of injuries reported by each
hospital by the weight factor associated with that hospital
and summing the results for all hospitals.

Table A-l provides a listing of diagnostic and body
part categories used in NEISS. The remainder of this appendix
is divided into seven parts according to the following NEISS
Product Categories (PC)

:

Table A-2 : Football Activity and Related Equipment
(PC-1211)

Table A- 3 : Baseball Activity and Related Equipment
(PC-1204)

Table A-4 : Basketball Activity and Related Equipment
(PC-1205)

Table A- 5

:

Snow Skiing and Associated Equipment
(PC-1216)

Table A- 6 : Ice Hockey and Related Equipment (PC-1279)*

Table A- 7 : Gymnastics and Associated Equipment (PC-1272)

Table A- 8 : Trampolines (PC-1233).

Within these subdivisions the data are arranged by injury
diagnosis and affected body part. These data are also arranged
according to the most frequently occurring injuries (e.g.,
sprain/strain-lower leg)

.

*Ice hockey data are available for FY 75 and 76 only.



Table A-l: Categories for injury diagnosis
and body parts used in NEISS

Injury Diagnosis

Amputation
Anoxia
Avulsion
Burns (not specified)

Burns (scald from hot liquids)
Burns (thermal)
Burns (chemical, caustics, etc.)

Cell damage by radiation,
except thermal (radiation
burns by ultraviolet, x-rays,
radioactive materials, etc.)

Concussion
Contusions/Abrasions
Crushing
Dermatitis, Con j untivi tis
Dislocation
Electric Shock
Foreign Body
Fracture
Hematoma
Internal Organ Injury
Laceration
Nerve Damage
Poisoning
Puncture
Strain or Sprain
Submersion (including drowning)

Other
Not stated
Ingested foreign object
Aspirated foreign object

Body Part

Head
Ear
Eyeball
Face (including nose)
Mouth (lips, tongue, teeth)
Neck
Upper trunk (including

shoulders

)

Lower trunk (including hips)
Upper arm
Lower arm (including wrist

and elbow)
Hand
Finger
Upper leg
Lower leg (including knee

and ankle)
Foot
Toe
25-50% of Body
All parts of body
Other
Not stated
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Appendix B.

Wayne State Tolerance Curve

TIME-MILLISECONDS

Fiqure 3. Wayne State Concussion
Tolerance Curve.

(Courtesy of R. E. Berger (134 , p. 31, figure 3))
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